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Foreword 


For many decades, the oil shale resources of the Western United States have 
been considered possible contributors to the Nation’s liquid fuel supply. This vol- 
ume reviews several paths to development of these resources and the likely conse- 
quences of following these paths. A chapter providing background information 
about the nature of oil shale is followed by an evaluation of technologies for recov- 
ery of shale oil. The economics and finances of establishing an industry of various 
sizes are analyzed. The fact that much of the best shale is located on Federal land 
is examined in light of the desire to increase use of the resources. The conse- 
quences of shale development in terms of impact on the physical and social envi- 
ronments, and a discussion of the availability of water complete the report. 


Policy options addressing barriers that could hinder the establishment of the 
industry are presented. These options, designed primarily for Congressional con- 
sideration, are limited to the obstacles OTA identified as currently existing. Other 
issues, of equal importance for the protection of the environment and the commu- 
nities, but not constraints to development, are discussed in the body of the report. 
The assessment deals only with oil shale: no systematic attempt was made in this 
study to compare this energy source with liquid fuel sources other than conven- 
tional petroleum or with alternative energy strategies. Other OTA assessments 
are addressing many of these topics. 


Volume II evaluates the Federal Prototype Oil Shale Leasing Program. Both 
volumes were prepared in response to requests from the Senate Committee on En- 
ergy and Natural Resources. We hope they will be of value to the entire Congress 
when considering domestic energy policies. 
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CHAPTER 1 
summary 


Summary of Findings 


Technology 


Two basic retorting technologies are being 
developed: modified in situ (MIS) for under- 
ground retorting, and aboveground retorting 
(AGR) for processing mined shale. These 
technologies are not presently ready for 
large-scale commercialization, but a sound 
R&D base exists, and they could be made 
ready either by modular demonstration proj- 
ects or construction of pioneer plants. The 
MIS process is being developed on two sites 
and one commercial facility is planned. 
Aboveground retorts have been tested at up 
to one-tenth of full size and at least one 
commercial-scale retort is planned in con- 
junction with an MIS demonstration. There 
are no firm plans for testing other above- 
ground retorts, although several companies 
have shown interest. One process would be 
tested if a lease were provided for the De- 
partment of Energy (DOE) facility at Anvil 
Points, Colo. With financial incentives, two 
others could be tested on private lands. A 
multimineral aboveground process awaits the 
availability of Federal land, either through 
land exchange or limited leasing. Two true in 
situ (TIS) processes are being developed with 
DOE cost sharing, but are only at preliminary 
stages. Underground mining would also bene- 
fit from additional research, development, 
and demonstration. No major technical prob- 
lems are anticipated either for open pit min- 
ing or for the conventional room-and-pillar 
method of underground mining. Minor uncer- 
tainties remain in the upgrading and refining 
area. 


Economics 


An oil shale industry could benefit the Na- 
tion’s economy and security, but would also 
entail several economic risks. For example, a 
400,000-barrel-per-day (bbl/d) industry es- 
tablished by 1990 would reduce expendi- 
tures for imported oil by $4.2 billion per year 


and expand regional employment, but would 
lead to increases in local inflation for certain 
goods, services, and property. The establish- 
ment of a 1-million-bbl/d industry by 1990 
could save more than $10 billion per year in 
charges for imported oil and would substan- 
tially increase local employment; however, 
the risks associated with overextended de- 
sign and construction capacity, insufficient 
equipment manufacturing capability, and 
possible inefficiency from tight construction 
schedules could cause damaging cost over- 
runs. Severe regional inflation could be ex- 
pected for land and housing as well as for 
other goods and services. 


Shale oil may be price competitive with for- 
eign crude, but when expected real rates of 
return on investment are 12 percent or less, 
the commercialization of the industry could 
still be impeded by uncertainties and risks. 
Among these are cost estimates for construct- 
ing the facilities, the future price of oil, reg- 
ulations, and competition with lower cost in- 
vestments of similar risk in conventional oil or 
other alternatives. To establish a 200,000- 
bbl/d (or larger) industry within 10 years 
would require financial incentives. The most 
effective would be production tax credits, 
purchase agreements, and price supports. 
The smaller firms may need loan guarantees. 
The net cost of an effectively designed and 
administered incentives program could range 
from $0.60 to $1.40/bbl* of shale oil syn- 
crude** produced. Financial incentives alone 
may not spur development because alterna- 
tive investments with a greater return for an 
equivalent level of risk could compete for the 
available capital. 


The Government also could build its own 
commercial-scale or modular plants, but at 


*Present barrel equivalent over 20 years at 10-percent dis- 
count rate. 

**A synthetic crude oil produced by adding hydrogen to 
crude shale oil. Shale oil syncrude is a high-quality material, 
comparable with the best grades of conventional crude. 
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much higher cost. A Government effort to 
construct and supervise demonstration mod- 
ules (9,000 to 12,000 bbl/d each) would pro- 
vide technological information that could re- 
solve some hitherto unanswered questions 
about the implications of oil shale develop- 
ment. It might also reduce the initial costs of 
industry development. However, the Govern- 
ment’s experience in designing, financing, 
and operating facilities could be sufficiently 
dissimilar to that of possible private oper- 
ators to make the information inapplicable. 
Government efforts also probably would less- 
en the commercial and R&D interest of the 
business community. 


Resource Acquisition* 


A 400,000-bbl/d production of shale oil 
could be achieved by 1990 without extensive 
leasing of additional Federal land if subsi- 
dies are provided so that two presently active 
projects are completed, three suspended proj- 
ects are resumed, and a new project on pri- 
vate land is initiated. If these financial incen- 
tives are not provided, then additional Feder- 
al leasing will probably be necessary if it is 
desired to achieve this level of production. To 
produce 1 million bbl/d by 1990 would require 
leasing, land exchanges, and substantially 
greater subsidies. 


Environment 


Air and water quality, topography, wild- 
life, and the health and safety of the workers 
will be affected by the development of an oil 
shale industry. Many effects will be similar 
to those caused by any type of mineral devel- 
opment, but the scale of operations, their 
concentration in a relatively small geo- 
graphic area, and the nature of the wastes 
will present some unique challenges. Many 
of the impacts will be regulated by State and 
Federal laws. The developers plan to comply 
by using control technologies from other in- 


*On May 27, 1980, the Department of the Interior (DOJ) an- 
nounced it will lease up to four new tracts under the Prototype 
Program and will begin preparations for a new permanent 
leasing program. 


dustries. While there is reason to believe that 
the methods can be made to work, they have 
not been tested in commercial-scale oil shale 
plants because none exist. 


The potential leaching of waste disposal 
areas and in situ retorts after the plants are 
abandoned is a major concern. If it occurs, 
the leachates could degrade the water quality 
in the Colorado River system, a vital water 
resource in the Southwest. Such “‘nonpoint”’ 
wastewater discharges are neither well un- 
derstood nor well regulated, although the 
Clean Water Act provides a regulatory 
framework. Techniques for preventing leach- 
ing need to be demonstrated on a commercial 
scale. It will be necessary to test a variety of 
development technologies to assure adequate 
control of a large industry. 


The Clean Air Act is the only existing envi- 
ronmental law that could prevent the crea- 
tion of a large industry. It could limit produc- 
tion in Colorado to 400,000 bbli/d, although 
additional capacity could be installed in 
Utah. The procedures for obtaining environ- 
mental permits can take several years. Al- 
though unexpected regulatory delays should 
not preclude the establishment of an individ- 
ual project, they could lead to cost overrurs 
and might prevent the deployment of a large 
industry. 


Water Availability 


A 500,000-bbl/d industry would increase 
by about 1.5 percent the water demands pro- 
jected for the Upper Colorado River Basin in 
the year 2000. Surplus surface water could 
be available to support this industry until at 
least 2025, after which water scarcities may 
limit all regional growth. Severe shortages 
could be experienced as much as 20 years 
sooner if the region develops more rapidly 
than expected. Surface water scarcity may 
lead to intensified ground water develop- 
ment, to a shift in the economic base, or to im- 
portation of water from other areas. Any 
large oil shale industry will need new reser- 
voirs and diversion projects. Their environ- 
mental effects, though small overall, will be 
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substantial in the areas where they are built. 
The use of water for a 2-million-bbl/d oil shale 
industry, while increasing regional income by 
several billion dollars per year, would cause 
losses of about $25 million per year to farm- 
ing and hydroelectric power generation. 
States that will not directly share in the in- 
creased regional income will experience 
some of these losses. 


Socioeconomics 


Oil shale development will change the 
communities in the sparsely populated oil 
shale region both socially and economically. 
Growth problems arising from the simultane- 
ous development of oil shale and other ener- 
gy resources are likely to be more difficult to 
solve than those from shale development 


alone. There is a potential for adverse ef- 
fects, whose severity will depend on where, 
when, and how rapidly the plants are built, 
and on how well the communities are pre- 
pared to cope with the growth. The communi- 
ties could accommodate the growth accompa- 
nying an industry of up to 200,000 bbl/d by 
1990 if presently planned improvements and 
expansions are completed. Social and per- 
sonal distress will occur unless active meas- 
ures are taken for their prevention. A 1-mil- 
lion-bbl/d industry could not be accommo- 
dated without major Government involvement 
and massive mitigation programs. The partic- 
ipation of Federal, State, and local agencies, 
the public, and the developers would be es- 
sential to minimize the adverse living condi- 
tions that would inevitably arise. 


Background 


Oil shale deposits are found on all inhab- 
ited continents. Those in Colorado, Utah, and 
Wyoming contain both a solid hydrocarbon 
(kerogen) that can be converted to crude 
shale oil by heating, and sodium minerals that 
can be used in air pollution control, in glass- 
making, and to produce aluminum. Deposits 
of somewhat different chemical composition 
and geology are found elsewhere. Those in 
some foreign countries (Scotland, Spain, Aus- 
tralia) have been the sites of very small-scale 
industries in the past. Other countries (Brazil, 
the U.S.S.R., the People’s Republic of China) 
either have such industries or are building 
them. 


The deposits of the Green River formation 
are found in northwestern Colorado, south- 
western Wyoming, and northeastern Utah. 
(See figure 1.) The Federal Government owns 
about 70 percent of the land, which contains 
close to 80 percent of the oil shale and nearly 
all of the associated sodium minerals. Private 
parties, Indian tribes, and the three States 
share the rest. Large deposits are also found 
throughout the Midwestern and Eastern 
States. Because of their richness and accessi- 
bility, however, the Green River shales are 
the ones most likely to be developed on a large 
scale in the near future. 


The formation has been divided into sever- 
al distinct geological basins. (See figure 2.) 
The richest and most thoroughly explored de- 
posits occur in Colorado’s Piceance basin. 
The resources of Utah’s Uinta basin are, in 
general, of somewhat poorer quality. The 
Wyoming deposits are relatively inferior and 
often intermingled with rock that contains no 
organic matter. Overall, the deposits contain 
the equivalent of over 8 trillion bbl of crude 
shale oil. However, only a few hundred billion 
barrels could be recovered economically with 
existing technology. 


In general, the oil shale region is rugged 
country, with elevations ranging from 4,300 
to 9,000 ft above sea level. The climate is dry, 
and the weather is strongly influenced by the 
topography. Although the soils are generally 
thin and dry, they support diverse plant com- 
munities and over 300 species of animals, in- 
cluding the largest migratory deer herd in 
North America and several threatened or en- 
dangered species. ; 


Air quality is generally excellent, but high 
concentrations of hydrocarbons* (possibly 
from vegetation) and windblown dust are oc- 
casionally encountered, and thermal inver- 


*Organic chemicals that contain only hydrogen and carbon. 
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Figure 1.—The Western Oil Shale Region 


SOURCE: The National Atlas, Department of the Interior. 


sions are frequent. Water quality in the 
surface streams is good to excellent in the 
upper reaches but much poorer downstream 
because of the discharges from naturally 
saline streams, irrigated fields, and towns 
and mineral development sites. The quality of 
the water in the extensive ground water aqui- 
fers* also varies widely. Some contain only 
saline brines; others contain potable water, 


* An aquifer is an underground formation containing water. 


although it does not, in general, ae drink- 
ing water standards. 


The population is approximately 120,000— 
about 3 persons per square mile. Only four 
towns in the shale region have populations 
over 5,000: Grand Junction and Craig in Colo- 
rado, Vernal in Utah, and Rock Springs in 
Wyoming. The economy is based on agricul- 
ture, minerals, tourism, and recreation. Coal, 
oil, and gas development is increasing rapid- 
ly. The oil shale resources are also receiving 
considerable attention. 
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Figure 2.—Oil Shale Deposits of the Green River Formation 
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SOURCE: D.C. Duncan and V. E. Swanson, Organic-Rich Shales of the United States and World Land Areas, U.S. Geological Survey Circular 523, 1965. 
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Establishing an Oil Shale Industry: Perspectives and Tradeoffs 


The Objectives for Development 


The ultimate decision as to whether, how, 
and to what extent to develop oil shale will be 
political. Diverse groups with disparate pref- 
erences for particular types and rates of de- 
velopment will influence the decision. Some 
of the objectives of the different groups are 
discussed below. 


To position the industry for rapid deploy- 
ment.—The advocates of this objective be- 
lieve the industry should be ready to expand 
rapidly. They acknowledge that more infor- 
mation and experience are needed if produc- 
tion is to be expanded in times of national 
need. Many techniques and sites would have 
to be evaluated in order to answer the re- 
maining questions. Supporters favor policies 
expanding technical, economic, and environ- 
mental R&D, which should include demon- 
stration plants to evaluate a full spectrum of 
technologies. Incentives and additional Fed- 
eral land might be employed to encourage pri- 
vate sector experiments. All programs would 


be designed to maximize information genera- 
tion. 


To maximize energy supplies.—This objec- 
tive has both economic and national security 
implications. Its pursuit would lead to the 
rapid development of a large industry. The 
benefits that might accrue include reduced 
import reliance, improved balance of pay- 
ments, stimulation of private investment, in- 
creased employment, and lower energy costs 
over the long term. Policy responses favored 
by supporters of this objective emphasize 
encouragement of the industry and removal 
of the restraints on its establishment. In- 
cluded might be leasing programs, substan- 
tial incentives, direct Government involve- 
ment in production, and the waiving of envi- 
ronmental laws. 


To minimize Federal promotion.—This ob- 
jective is supported by those who oppose gov- 
ernmental interference with private enter- 
prise, and by those who stress that oil shale 
should not be promoted at the expense of 


other energy resources. They believe the in- 
dustry should develop in response to market 
pressures and opportunities without active 
Government support or participation. Policies 
furthering this objective emphasize technical 
and environmental R&D and testing to pro- 
vide a basis for developing regulations and 
for comparing oil shale with other energy al- 
ternatives. Planning for future mobilization 
programs would be carried out; leasing, land 
exchanges, and incentives programs would 
not. 


To maximize ultimate environmental infor- 
mation and protection.—Advocates of this 
objective emphasize the desirability of main- 
taining an ecological balance. They also be- 
lieve that oil shale should not be promoted 
more than other energy sources that could be 
less harmful to the environment. They would 
phase development to evaluate its potential 
impacts and to design and test controls. Infor- 
mation on environmental effects and control 
strategies would be acquired for all technol- 
ogies that might be used in a commercial in- 
dustry. Policies would emphasize enforce- 
ment of existing regulations, siting of plants 
to minimize potential impacts, monitoring and 
R&D to provide guidance for new regulations, 
and public education and participation. 


To maximize the integrity of the social en- 
vironment.—Supporters of this objective em- 
phasize personal and community needs. They 
believe it essential that growth management 
be well planned and coordinated, and that de- 
velopment proceed at a gradual pace. Policies 
stress involving the region’s residents in man- 
aging growth, structuring incentive and leas- 
ing programs to avoid excessive growth rates 
in the communities, funding community im- 
provements and planning efforts, and allocat- 
ing responsibilities for impact mitigation 
among the developers and the Federal, State, 
and local governments. 


To achieve an efficient and cost-effective 
energy supply system.—Supporters of this 
objective emphasize the importance of pro- 
viding a mix of energy alternatives with the 
best overall ratio of costs to benefits. They 


63-898 0 - 80 - 2 
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stress the need for positioning the industry 
and its technologies for long-term profitable 
operations so that any future expansions 
could be financed with internally generated 
resources. The related objectives of efficient 
development of the resource and balanced 
environmental and social protection are also 
emphasized. The pace of development would 
allow thorough evaluation of the technologies 
so that the elements of production (including 
land, labor, capital, water, and energy) could 
be used most efficiently if a large-scale indus- 
try were created. Policies would focus on in- 
centives that leave intact some degree of 
managerial risk, on thorough testing of di- 
verse technologies and sites, and on ad- 
vanced R&D and demonstration to provide a 
basis for comparing oil shale with its alterna- 
tives. The policies would not require a com- 
mitment of funds and resources to the exclu- 
sion of other potential energy sources. 


* * * 


The Government, in preparing its oil shale 
policies, must consider all of these, as well as 
well as other objectives. For example, the 
Government owns rich oil shale deposits and 
is responsible for protecting the Nation from 
interruptions in energy supplies; this would 
encourage the rapid development of public 
lands. On the other hand, the public trust 
requires that these lands be developed effi- 
ciently, with equitable returns for the use of 
the public’s resources, and with fair treat- 
ment of the affected groups and regions. This 
mandate would lead to a moderate pace of de- 
velopment. Finally, the Government is re- 
quired by law to protect the environment and 
to consider the socioeconomic consequences 
of its major actions. These mandates require 
carefully managed development. 


Depending on which objectives are empha- 
sized, a number of future industries can be 
postulated. The following section evaluates 
the relative degree to which each of four pro- 
duction targets could be expected to attain 
the objectives for development, given a con- 
struction deadline of 1990. 
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Attainment of the Objectives 


OTA analyzed four production targets for 
1990: 100,000 bbl/d, 200,000 bbl/d, 400,000 
bbl/d, and 1 million bbl/d. Strategies to reach 
the targets would entail substantially differ- 
ent requirements, consequences, and policy 
responses. Regardless of the strategy, trade- 
offs among objectives are inevitable. This is 
indicated in figure 3, where the production 
goals are rated according to the relative de- 
gree to which they are expected to attain the 
objectives for development. The following il- 
lustrates how attainment varies with the size 
of the industry. 


To position the industry for rapid deploy- 
ment.—The 400,000-bbl/d industry is given 
the highest rating because a wide variety of 
technologies and sites would be evaluated 
and substantial technical, environmental, 
and economic information would be obtained; 
all of which would place the industry in a 
good position for rapid scaleup. The 1-million- 


bbl/d goal is rated next since production at 
this level would constitute a major industry; 
further rapid deployment could then follow. It 
is rated lower than the 400,000-bbl/d industry 
because its accelerated construction sched- 
ule would preclude precommercial. experi- 
ments and would probably result in less tech- 
nically efficient plants. The other goals are 
rated lower because fewer processes could 
be evaluated. 


To maximize energy supplies.—The bene- 
fits, and thus the ratings, are proportional to 
the production rate. 


To minimize Federal promotion.—The 
100,000-bbl/d target is rated highest because 
it could be achieved by completing the pres- 
ently active projects. The 200,000-bbl/d goal 
probably would require some incentives, and 
the 400,000-bbl/d goal would require incen- 
tives, a small land exchange, and the short- 
term leasing of a Federal R&D facility in Colo- 
rado for a demonstration project. The 1-mil- 


Figure 3.—The Relative Degree to Which the Production Targets Would Attain the Objectives for Development 


To maximize the integrity of the social 
environment 


To achieve an efficient and cost-effective 
energy supply system 


SOURCE: Office of Technology Assessment. 
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lion-bbl/d goal would require much stronger 
subsidies, additional long-term leasing of pub- 
lic land, permitting modifications, variances, 
and extensive Federal involvement in growth 
management. 


To maximize ultimate environmental infor- 
mation and protection.—The quantity of pol- 
lutants and wastes generated will increase as 
the rate of production increases. Establishing 
a 1-million-bbl/d industry in 10 years would 
cause the most disturbance per unit of pro- 
duction because there would not be enough 
time to improve the control technologies. The 
100,000-bbl/d goal is also given a low rating 
because the limited number of technologies 
tested would provide neither extensive infor- 
mation on impacts nor guidance for the im- 
provement of controls and regulations. The 
400,000-bbl/d target would meet the needs 
for information and testing of control technol- 
ogies but would incur a greater environment- 
al risk per unit of production than 200,000 
bbl/d. The latter would maximize the attain- 
ment of this objective. 


To maximize the integrity of the social 
environment.—The 100,000-bbl/d target is 
rated high because it should be within the 
physical capacities of the communities. A 
200,000-bbl/d industry would strain the abil- 
ity of the towns to absorb the number of ex- 
pected new residents; the amount of stress 
would depend on the location of the develop- 
ment. Adjusting to the growth associated with 
a 400,000-bbl/d industry would be possible if 
the plantsites were dispersed in Utah and 
Colorado, if plant construction were phased, 
and if preparations for the construction of 
new towns were started at once; but boom- 
town effects would most probably accompany 
the growth. A 1-million-bbl/d industry would 
require coordinated growth management 


strategies and extensive financial outlays. 
Severe social disruption could ensue. 


To achieve an efficient and cost-effective 
energy supply system.—The 400,000-bbl/d 
target has the highest rating because it would 
provide a balance of information generation 
and of process development and demonstra- 
tion. The 100,000- and 200,000-bbl/d targets 
are rated lower because only a few technol- 
ogies and sites would be tested. The 1-million- 
bbl/d industry is also rated low because its 
deployment strategy would use many of the 
elements of production poorly. Furthermore, 
the plants might not generate sufficient profit 
capital for subsequent expansion. 


An illustration of the need for tradeoffs 
among objectives can be seen at the 1-million- 
bbl/d level. This choice has high attainment of 
the positioning and energy production objec- 
tives (e.g., it would displace about 16 percent 
of the imported oil and reduce the balance of 
payments significantly); however, reaching 
the target requires tradeoffs in all the other 
areas (for example, it would violate the Clean 
Air Act). 


Constraints 


OTA analyzed the requirements for achiev- 
ing each of the production goals by 1990, 
given the present state of knowledge and the 
current regulatory structure. The factors 
identified as hindering or even preventing 
reaching the goals are shown in table 1. The 
constraints judged to be ‘‘moderate’”’ will 
hamper but not necessarily preclude develop- 
ment; those judged to be “‘critical’’ could be- 
come severe barriers. When it was inconclu- 
sive whether or to what extent certain fac- 
tors would impede development, they were 
called ‘‘possible’’ constraints. 
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Table 1.—Constraints to Implementing Four Production Targets 


1990 production target, bbI/d 


100,000 200,000 400,000 1 million 
Possible deterring factors Severity of impediment 
Technological 
Technological neadinesse ab uct once eas ee ey eee ee None None None Critical 
Economic and financial 
Availability of private.capital( 02), car. et cee ee ea Me ee None None None Moderate 
Marketability of the’ shale ails (0 eyes A ee. Tee ee Possible Possible Possible Possible 
livestor participation A....0 ek Renee, Seo) Fee cet e None Possible Possible Possible 
Institutional 
Availability ofdands. geval. fur chuies ooo! a. ee vce bait Eee cae A None None Possible Critical 
POOMiiting DrOCegures. | eg urns eh ee ne) ee er None None Possible Critical 
Major-pipeline capacily’— scares. Coat eee ee ee None None None Critical 
Design'and' construction services ise ME Oe None None Moderate Critical 
Equipment availability ws xo Seaects cee trie tal ie) gece Te Me None None Moderate Critical 
Environmental 
Compliance with environmental regulations........................ None None Possible Critical 
Water availability 
Availability of surplus surface water................. 0-0-2222... None None None Possible 
Adequacy of existing supply systems............................ None None Critical Critical 
Socioeconomic 
Adequacy of community facilities and services ..................... None Moderate Moderate Critical 


SOURCE: Office of Technology Assessment. 


Issues and Policy Options 


Technology 


Oil shale contains a solid hydrocarbon 
called kerogen that when heated (retorted) 
yields combustible gases, shale oil, and a sol- 
id residue called spent, retorted, or proc- 
essed shale. Crude shale oil can be obtained 
by either aboveground or in situ (in place) 
processing. In aboveground processing, the 
shale is mined and then heated in retorting 
vessels. In a TIS* process, a deposit is first 
fractured by explosives and then retorted un- 
derground. TIS is at present a primitive tech- 
nology, although R&D and field tests are 
being conducted. MIS* is a more advanced in 
situ method i nwhich a portion of the deposit 
is mined and the rest is shattered (rubbled) by 
explosives and retorted underground. The 
mined portion can either be retorted on the 
surface or discarded as waste. The crude 
shale oil can be burned as a boiler fuel, or it 
can be converted into a synthetic crude oil 
(syncrude) by adding hydrogen. The syncrude 
can also be burned as boiler fuel, or it can be 

*TIS = true in situ; MIS = modified in situ. 


converted to petrochemicals or refined like 
most conventional crudes. It is better as a 
source of jet fuel, diesel fuel, and the other 
heavier distillates than of gasoline. (The proc- 
essing steps for an AGR system are shown in 
figure 4.) 


Issues 


1 What are the advantages and disad- 
vantages of different mining and proc- 
essing methods? 


Open pit mining allows large-scale, eco- 
nomical development and maximizes the re- 
covery of the resource. Its application, how- 
ever, is limited to a few areas in the Piceance 
basin and to several in the Uinta basin. Alter- 
ations to the surface of the land are substan- 
tial, and the stripped overburden must be dis- 
posed of along with the processing wastes. 
Open pit mining of oil shale has never been 
tested. The technique is highly developed 
with other minerals, however, and few tech- 
nical problems are anticipated. 
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Department of Energy’s batch retort 
pilot test plant, Laramie, Wyo. 


Underground mining, which has been 
tested in four mines in the Piceance basin, is 
more generally applicable. The Piceance 
mines, however, were relatively small and 
were located on the southern fringe. Mining 
conditions in other areas are considerably 
different. Underground mining is especially 
affected by the physical properties of the ore 
and by the presence of ground water. In gen- 
eral, it is more costly than open pit mining, 
and resource recovery is lower. 


The advantages of TIS processing are that 
mining is not required, spent shale is not pro- 
duced on the surface, and the surface facil- 
ities needed are minimal. Its principal disad- 
vantages are that the technology is not well 
advanced, that it is applicable only to depos- 
its that are not deeply buried, that oil recov- 
eries are lower than by other methods, and 


that the retorted shale is left underground 
where it may be leached by ground water. 


The MIS process requires mining 20 to 40 
percent of the deposit to be retorted, and in- 
volves more facilities and waste disposal on 
the surface. More oil is recovered per ton of 
rock processed than with TIS, but less than 
with aboveground processing. Oil recovery 
per acre is probably higher with MIS than 
with a combination of underground mining 
and aboveground processing, but lower than 
with surface mining and aboveground proc- 
essing. The principal advantage of above- 
ground processing is its high oil recovery. Its 
principal disadvantage is that it requires 
large mining and waste disposal operations 
and substantial surface facilities. 


Are the technologies ready for large- 
scale applications? 


The commercial-scale deployment of the 
critical retorting processes, at their present 
developmental stage, would entail apprecia- 
ble risks of both technological and economic 
failure. All the components of an oil shale 
project must function together, which means 
that building a large-scale project is risky. 
Even though some of the other components, 
like the upgrading and refining processes, are 
highly advanced, the oil shale processes are 
not. 


More than 30 years of R&D by governmen- 
tal and private organizations has provided a 
basis for commercialization tests. Two above- 
ground retorts have been tested for several 
months at production rates approaching 
1,000 bbli/d, about one-tenth of the size of 
commercial modules. Others, like the Paraho 
retort, have been tested at rates of a few hun- 
dred barrels per day. These experiments 
have produced a total of about 500,000 bbl of 
shale oil—the equivalent of 10 days’ produc- 
tion from a 50,000-bbl/d commercial plant. 
Additional testing, especially of the TIS proc- 
ess, is needed before a major industry can be 
established with a reasonable level of confi- 
dence. The MIS process is being developed on 
three sites in the Piceance basin, and the re- 
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produced, and the somewhat lower oil recov- 
ery efficiencies. With AGR, the effects of 
scaleup on the performance and reliability of 
the retorts themselves and on their associ- 
ated equipment (pollution controls, product 
recovery devices, and materials-handling 
equipment) are unknown. 


sults of this work should assist in determining | 
its applicability to other areas. | 


3 What are the major areas of uncer- 
tainty? 


The effects of shale stability and strength 
on mine design, on safety, and on resource re- 
covery from underground mines are present- 
ly unclear. The effects that large inflows of 
ground water would have on efficiency are 


What can be done to reduce the uncer- 
tainties? 


also not determined. Many uncertainties ex- 
ist with respect to the feasibility and envi- 
ronmental impacts of TIS processing. The ma- 
jor questions about MIS concern its applica- 
bility to very rich or deeply buried shales, use 
of the large quantities of retort gas that are 


TIS will require extensive evaluation, in- 
cluding theoretical, laboratory, and field 
studies, before its commercial potential can 
be determined. Some of the uncertain aspects 
of MIS and AGR processing could also be re- 
solved with small-scale R&D programs. How- 
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ever, demonstration projects will be needed 
to accurately determine the performance, re- 
liability, and costs of the various development 
systems under commercial operating condi- 
tions. At a minimum, the retorting systems 
could be demonstrated by the construction 
and operation of modular retorts—the small- 
est production units that would be used in a 
commercial operation. The module for an 
MIS process might be a single retort with a 
capacity of several hundred barrels a day, or 
a cluster of retorts producing several 
thousand. An AGR processing module might 
produce 10,000 bbli/d. (A commercial plant 
might contain five or six of these modules.) 
Other technologies, such as open pit mining, 
may necessitate a substantially larger degree 
of scaleup, perhaps to a full-scale commercial 
plant. The retorting technologies could also 
be demonstrated in full-scale ‘‘pioneer’’ 
plants, as proposed by Colony Development. 


Policy Options 


¢ R&D funding.—R&D programs could be 
conducted by Government agencies or by 
the private sector, with or without Federal 
participation. Federal programs could be 
implemented through the congressional 
budgetary process by adjusting the appro- 
priations for DOE and other executive 
branch agencies, by providing additional 
appropriations earmarked for oil shale 
R&D, or by passing legislation specifically 
for R&D for oil shale technologies. 


¢ Demonstration programs.—Government 
ownership of demonstration plants would 
maximize its intervention and expense, but 
would also provide it with the largest 
amount of information. This would, how- 
ever, discourage independent industry pro- 
grams. Funding by the private sector alone 
would minimize Government involvement 
and expense, but the developers might not 
be willing to invest in a timely manner and 
share information. Cost sharing of the proj- 
ects would entail intermediate costs to the 


public and intermediate levels of informa- 
tion. Modular demonstration projects 
would require a smaller total capital in- 
vestment than a commercial plant, but they 
would cost much more per barrel of oil pro- 
duced. The projects could be structured in 
several ways. 


—A single module on a single site would 
have the lowest total cost but the highest 
per barrel cost. The information would 
be useful only to the process and the site 
evaluated. 


—Several modules on a single site would 
have higher total costs but the costs per 
module and per barrel would be lower. 
A full-scale commercial plant, incorpo- 
rating several technologies, could be 
simulated. 


—Single modules on several sites would 
have even higher costs. Unit costs would 
be similar to those for the single mod- 
ule/single site option. Several sites and 
processes could be evaluated. 


—Several modules on several sites, the 
equivalent of a pioneer commercial in- 
dustry, would be the most costly but 
would generate the maximum amount of 
information and experience. 


Economics and Finances 


An oil shale plant will be very costly and 
the oil will be expensive. Trends in world oil 
prices suggest that shale oil may be competi- 
tive, both now and in the foreseeable future. 
On the other hand, the long-term profitability 
of the industry could be impeded by future 
pricing strategies for competing fuels, by in- 
accuracies in the current cost estimates for 
constructing facilities, and by risks that reg- 
ulatory problems or litigation could delay or 
bar a project’s completion. The following dis- 
cussion deals with oil shale’s economic as- 
pects and with some possible economic pol- 
icies. All costs and prices are expressed in 
third-quarter 1979 dollars. 


16 © An Assessment of Oil Shale Technologies 


issues 


1 What are the economic and energy- 
supply benefits of oil shale develop- 
ment? 


The output from a 400,000-bbl/d industry 
would approximate the petroleum require- 
ments of the Department of Defense or would 
satisfy about 70 percent of the demand for 
liquid fuels in the Rocky Mountain States. A 
1-million-bbl/d industry could provide about 
20 percent of the liquid fuels currently con- 
sumed in the entire Midwest, including 60 
percent of the jet fuel, diesel fuel, and dis- 
tillate heating oil. The amount of output 
would replace about 16 percent of the cur- 
rent imported oil requirement. At $32/bbl, 
this would reduce expenditures for imported 
oil by about $10 billion per year (about 56 
percent of the balance-of-payments deficit in 
1979).* The effects of this industry on world 
oil prices cannot be accurately predicted. For 
illustration, if prices were depressed by 1 
percent, then expenditures for foreign oil 
would be reduced by an additional $900 mil- 
lion per year. Employment in the oil shale re- 
gion would increase dramatically if an indus- 
try of any appreciable size were established. 


2 What are the negative economic ef- 
fects of establishing the industry? 


During its construction by 1990, a 1-mil- 
lion-bbl/d industry would cause a very small, 
but perceptible, increase in the national rate 
of inflation. In the longer term, this impact 
would be offset by improvements in the bal- 
ance of payments. If the industry were em- 
phasized at the expense of less costly alter- 
natives, the long-term inflationary effects, 
through increased energy costs, might be 
greater. Inflationary impacts on the oil shale 
region would be significant for a 200,000- 
bbl/d industry, substantial for 400,000 bbl/d, 
and severe for 1 million bbl/d. Costs of labor 
and housing would be most affected. 


*Posted prices of some foreign crudes currently exceed 
$32/bbl. 


3 How much will oil shale facilities cost? 


According to the current cost estimates, to 
complete a 50,000-bbl/d syncrude project by 
1990 would require a capital investment of 
about $1.7 billion. The economic and finan- 
cial requirements of the four production tar- 
gets are indicated in table 2, together with 
their requirements for water and labor. A 1- 
million-bbl/d industry (approximately 20 proj- 
ects) would cost about $35 billion, unless cost 
overruns resulted from regulatory delays, ac- 
celerated construction schedules, or attempts 
to build many of the projects simultaneously. 
Establishing this industry by 1990 could cost 
as much as $45 billion. 


About 70 percent of the capital investment 
would probably come from corporate equity; 
the rest would be borrowed. The annual debt 
requirement for a 1-million-bbl/d industry 
would constitute no more than 4 percent of 
annual business investment, and should not 
significantly strain U.S. private sector lend- 
ing capabilities. 


4 Is oil shale competitive? 


Estimates of a breakeven price for shale oil 
are highly dependent on assumptions, includ- 
ing the real rate of return required on invest- 
ment, capital costs, operating costs, annual 
real escalations of operating costs, produc- 
tive life of the resource base, and the effec- 
tive tax rate for developers. OTA’s computer 
simulations indicate that prices of $48 and 
$62/bbl (in 1979 dollars) of shale oil syncrude 
would be required to achieve real, aftertax 
rates of return of 12 and 15 percent, respec- 
tively. (See table 3.) 


OTA’s assumptions are more conservative 
(less optimistic) than those of many devel- 
opers who believe that syncrude breakeven 
price estimates are $6 to $9/bbl below those 
used by OTA. OTA based its analysis, how- 
ever, on the most recent cost estimates for 
those technologies having advanced engineer- 
ing designs, and the results are believed to 
represent accurately the present economic 
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Table 2.—Requirements for the Production Targets 


1990 production target, bbl/d 


100,000 200,000 400,000 1 million 

Resource Requirements 
Institutional 
Design and construction services, % of 1978 U.S. capacity needed each year Minimal Minimal 12 35 
Plant equipment, % of 1978 U.S. capacity needed each year ........... Minimal Minimal 6-12 15-30 
Economic and financial 
Deel A ee salbiieceadane) .) Rei a |) A ea 2. J $0.9-1.35 $1.8-2.6 $3.6-4.2 $ 9.0-13.5 
[OUTRI, MBs CUTAN essen yet cht sexes ladhdbonenrtucyel Soa earns ce.c? Canty ERS Ontee cs ae eee Pecan 4.2-5.9 8.4-9.8 2 OBI) 

eae ONC PR ERE Man cash, <, fee Be cis ae Meas anaes ak ws 3.0-4.5 6.0-8.5 12.0-14.0 30.0-45.0 
ADIGE OU ON RAM ee eee es ty em Perey. Bee S, 0.6-0.9 1.2-1.7 2.4-2.8 6.0-9.0 
Water availability ; 
(REAR, GOTORIATIO eS a ont bien 2 eke eS BG eas oon Soe eee 9,800-24,600  19,600-49,200  39,200-98,400 100,000-250,000 
Socioeconomic4 
NOTE st cco ac toga cS Rp cic cn aoe at ee tic een a aie 5,600 8,800-11,200  17,600-22,400 44,000-56,000 
New residents requiring housing and community services ............. 23,000 41,200-47,200  82,000-95,000 118,000-236,000 


4Third-quarter 1979 dollars. 
Maximum annual requirements for a 5-year construction period. 

CAssumes 4,900 to 12,300 acre-ft/yr for production of 50,000 bbl/d of shale oil syncrude. 

dassumes 1,200 construction workers and 1,600 operators per 50,000-bbI/d plant. Multipliers used for total increase = 2.5 x (construction workers) + 5.5 x (operators). Ranges reflect adjustments in 
construction work forces assuming phasing of plant construction. 


SOURCE: Office of Technology Assessment. 
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Oil shale retort plant at Anvil Points, Colo. 
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Table 3.—Subsidy Effect and Net Cost to the Government of Possible Oil Shale Incentives 


(12-percent rate of return on invested Capital) 


Total expected 


Incentive profit ($ million) 
Construction.grant (50%) 24). os alae $707 
Construction grant(S3%) Sem 2. ). . 2 \v aia 542 
Low-interest, loatii{ 70%)... <4. eie ea ee ee 497 
Production tax Gredit ($3)eck ts ee: otal, shee ee 414 
Price: support ($55): = "had. 2 ee ee 363 
Increased depletion allowance (27%) .............. 360 
Increased investment tax credit (20%) ............. 299 
Accelerated depreciation (5 years)................ 296 
Purchase agreement ($55)", ew. 0 eae 231 
None. Ns ee. 220 


(15-percent rate of return on invested Capital) 


Total expected 


Incentive profit ($ million) 
Constructionigrant(50%). SNe Sey eee) ae $281 
Constructionigrant (2356). o mceunit ewan etal 119 
LOW-INTGKES! loan 70a) A ave oe oo) ee eee 81 
PrOductOntaX Crean t$a)).. Sct nk a ele -61 
PHCG'SUPGORASGO) A. dia Sens uh ihe. ead he — 88 
Increased depletion allowance (27%) .............. —110 
Increased investment tax credit (20%) ............. — 131 
Accelerated depreciation (5 years)................ —127 
Purchase agreement ($55) ee. <0, i ae eae — 150 
NONG ceGRR Lee a ea! tine it ee —196 


The calculations assume a $35/bbI price for conventional premium crude that escalates at a real rate of 3 
be reached in 11 years, or in the fifth year of production. Therefore, in narrow economic terms, oil shale 
the life of the project without subsidy. (See discussion, especially ch. 6, for caveats concerning this concl 


1979 dollars. 
SOURCE: Resource Planning Associates, Inc., Washington, D.C. 


position of shale oil. If OTA’s cost estimates 
proved correct and a 12-percent rate of re- 
turn were sufficient to attract industry in- 
vestment, Government incentives might not 
be required to foster shale oil development. 
Similarly, if OTA has overestimated the costs 
and required rate of return, this conclusion 
would still hold. On the other hand, if the un- 
certainties discussed below should come to 
pass and/or a rate of return higher than 12 
percent is required to attract capital, subsi- 
dies or other public policy actions would be 
required to encourage development. 


Several uncertainties bear on forecasts of 
competitiveness. Although OTA’s analysis at- 
tempted to capture them, the following ones 
cannot be completely incorporated in a quan- 
titative analysis: 


Change in Total expected cost 
expected profit Probability to Government Breakeven 
($ million) of loss ($ million) price ($/bbl) 
$487 0.00 $494 $34.00 
321 0.00 327 38.70 
277 0.00 453 43.40 
194 0.01 252 42.60 
142 0.01 172 NA 
140 0.05 197 45.70 
79 0.05 87 45.80 
76 0.05 79 46.00 
11 0.03 0 NA 
0 0.09 0 48.20 
Change in Total expected cost 
expected profit Probability to Government Breakeven 
($ million) of loss ($ million) price ($/bbl) 
$477 0.00 $494 $40.60 
eile 0.19 327 47.70 
277 0.23 453 54.70 
135 0.63 252 56.10 
108 0.77 172 NA 
86 0.75 197 57.20 
€5 0.77 87 58.80 
69 0.76 79 58.90 
46 0.92 0 NA 
0 0.93 0 61.70 


percent per year. Thus, the predicted $48/bbl breakeven price for the 12-percent discount rate will 
plants starting construction now, which assume a 12-percent discount rate, will be profitable over 
usion.) The calculations are for a 50,000-bbI/d plant costing $1.7 billion. All monetary values are in 


¢ Unreliable cost estimates.—There are 
no cost data for commercial-size plants 
because none have been built. Cost esti- 
mates for projects have traditionally 
been unstable, rising by more than 400 
percent between 1973 and 1978. The 
current range of estimates, based on 
preliminary engineering designs and ex- 
perience with other industries, is be- 
lieved to be more accurate, although the 
possibility of significant errors remains. 

° Regulatory disincentives.—Projects 
may be delayed or precluded by proce- 
dures for obtaining permits, by siting or 
process changes necessitated by regula- 
tions or litigation, or by future regula- 
tions that cannot be met economically. 
Unexpected delays would contribute to 
cost overruns. 
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e Uncertain future world oil prices.— 
resent prices are high, and rising. 
There is a possibility, however, that fu- 
ture price changes may be less signifi- 
cant than commonly forecast, or that 
they could be sufficiently unstable to 
add appreciably to the risks of oil shale 
development. 


e Cost overruns because of competition 
with other projects.—Individual proj- 
ects could be completed in 5 to 7 years 
(10 years if preliminary demonstration 
tests were conducted for the technol- 
ogies). A 400,000-bbl/d industry could 
probably be put in place by 1990 without 
severe cost overruns if the various 
plants’ construction were coordinated 
and phased. However, the 20 or so proj- 
ects needed for 1 million bbl/d by 1990 
would face delays and cost overruns be- 
cause of the large demands for equip- 
ment, labor, and construction services. 


These uncertainties make any forecast of 
breakeven prices unreliable. At the same 
time, they may induce developers to seek 
higher rates of return for their shale invest- 
ments. For example, a 15-percent real rate of 
return, which would be substantially greater 
than that required for more conventional in- 
vestments, would increase the price of shale 
oil syncrude by $14/bbl (to about $62/bbl) and 
thus would make it noncompetitive, without 
subsidy, with the forecast prices of foreign 
oil. 


The rate of return issue.—In addition to 
the interactions between the uncertainties 
and required rate of return, there is another 
important interrelationship. It pertains to the 
flow of private capital given the rates of 
return for potential alternative investments. 
There has been much confusion over why the 
estimated costs of shale oil always have been 
higher than the actual costs of conventional 
oil, even after the sustained high price rises 
of the 1970’s. As discussed above (and in ch. 
6), the effects of both increasingly detailed 
engineering cost estimates and of inflation on 
construction and capital equipment costs 


have contributed significantly to the rising 
estimates of the cost for a barrel of shale oil. 


Alternative investment possibilities also 
critically affect shale oil’s competitiveness. 
Shale oil is tied to conventional oil in two 
ways. First, it is a substitute in the market- 
place, and therefore must be price competi- 
tive. Second, the companies that are potential 
oil shale developers are the same ones that 
produce or refine petroleum, or are potential 
developers of other synthetic fuels. The prof- 
itability of shale oil must be ‘‘competitive”’ in 
the sense of selling at a price that competes 
with conventional oil while permitting a rea- 
sonable rate of return. A company with a fi- 
nite amount of capital is most likely to invest 
in those projects that offer the highest rate of 
return at a given level of risk. 


Price increases over the past 7 years have 
dramatically increased the profitability of 
both domestic and foreign petroleum develop- 
ment. As a consequence, companies may 
choose to invest in petroleum so long as it has 
a similar rate of return and does not entail 
the extensive uncertainties of oil shale. It 
follows that public policies to encourage oil 
shale development must address making its 
risks and rates of return comparable to those 
of petroleum. 


Oil shale investments at 12- or 15-percent 
rates of return are not likely to displace in- 
vestments that have lower costs, lower risks, 
and higher rates of return, even if shale oil 
has a competitive price. The incentives sum- 
marized in this chapter and discussed in de- 
tail in chapter 6 primarily address making 
shale oil price competitive. They will not nec- 
essarily assure that it will compete success- 
fully with alternative investments. Fewer op- 
portunities in the future for investment in 
conventional petroleum projects will tend to 
increase interest in oil shale investments. 
These considerations of price, cost, and rate 
of return also apply to other synthetic and al- 
ternate energy industries. To the extent that 
subsidies or other policy actions encourage 
shale development alone, these other energy 
investment alternatives are put at at relative 
disadvantage. 
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5 Which incentives would be most effec- 
tive? 


OTA analyzed 10 possible incentives on the 
basis of 6 economic and financial criteria. 
(See table 4.) Price supports, purchase agree- 
ments, and production tax credits appear to 
have the most overall economic merit. Debt 
guarantees or low-interest loans, however, 
will probably be necessary to encourage the 
participation of smaller firms. All incentives 
programs would have to be properly adminis- 
tered to be effective, and should be removed 
when no longer needed. 


6 What would incentives programs cost? 


The total net cost of subsidizing a 50,000- 
bbl/d plant with one of the more effective sub- 
sidies could range from $200 million to $400 
million. (See table 3.) This cost would be 
spread over about 22 years, and would range 
from $0.60 to $1.40/bbl of oil produced. It is 
determined by: 


e the size and timing of the outflows from 
the Treasury, 

e the size and timing of the increased 
taxes paid by the developers, and 

e the discount rate assumed for Govern- 
ment expenditures. * 


It is not necessarily true that the least costly 
incentive would be the best choice. Firms 
with different corporate circumstances will 
prefer different incentives because they must 
avert different risks. It would be cost effec- 
tive to offer a choice of incentives (e.g., grants 
and low-interest loans to smaller firms, tax 
credits to larger firms with bigger tax liabili- 
ties) to encourage participation by a variety 
of firms. 


7 What other economic factors could af- 
fect the establishment of an industry? 


Attempts to establish a large industry 
quickly could be impeded by the capacity of 
*The Office of Management and Budget uses a discount rate 


of 10 percent per year to compare the cost effectiveness of Gov- 
ernment programs. 


existing major pipeline systems leading to 
Midwest markets and by shortages in design 
and construction services and plant equip- 
ment. These factors should not be major prob- 
lems for industries of up to 400,000 bbl/d. 


Policy Options for Financial Support 


Financial support could be provided either 
by incentives to private industry or by direct 
Government ownership or participation. 


Incentives to private industry.— Incentive 
programs could be structured for a high level 
of risk reduction with relatively small net 
costs and administrative burdens. The proper 
incentives would share the risks associated 
with creating the projects, but would leave 
some of the managerial risks intact. This 
would help establish the industry but would 
allow market risks and opportunities to gov- 
ern its development. 


A possible disadvantage of incentives 
would be that the Government could not di- 
rectly control the pace of the industry’s 
growth unless extensive encouragement were 
provided. On the other hand, direct Govern- 
ment control is likely to discourage participa- 
tion by private firms and could incur the risk 
of managerial inefficiency. Also, with reli- 
ance on incentives, the Government would not 
have direct access to the types of technical 
and economic information that might be 
needed to structure future oil shale policies.* 
Incentives legislation could include require- 
ments for disclosure of proprietary informa- 
tion and for specific test programs, but such 
requirements would discourage industrial 
participation. Information could also be ob- 
tained through licensing arrangements with 
the owners of the technologies. 


Direct Government participation or own- 
ership.—A Government-owned industry 
might be desirable in a crisis situation. OTA 
did not analyze this option in detail because 
of its extremely high cost to the public. The 


*In its May 27, 1980, oil shale policy announcement, DOI in- 
dicated it would seek Memoranda of Understanding and other 
formal documents to expand its ability to obtain performance 
information. 


Incentive 


1. Production tax 
credit ($3/bbl) 


2. Investment tax 
credit (additional 
10%) 


3. Price support 


4. Loan guarantee 


5. Subsidized interest Slight; subsidizes 
loan (70% debt at 
3% below market 


rate) 
6. Purchase 
agreements 


7. Block grant (33 & Strong; neutral 
50% of plant cost) 


8. Government 
participation 


9. Accelerated de- 


Table 4.—Evaluation of Potential Financial Incentives for Oil Shale Development 


Effect of incentive on program objectives 


Subsidy effect Risk-sharing effect 


Promotion of 


Financing effect economic efficiency 


Minimization of 
administrative burden 


Extent to which incentive meets policy guidelines 


Promotion of competition 


Effect on firms 


Strong; subsidizes | Moderate; shares risk 


product price 


product price) 

Moderate; shares risk 
associated with investment 
cost uncertainty 


Strong; subsidizes 
investment cost 


Strong; subsidizes. | Moderate; shares risk 
product price (if con- associated with price 
tract price is higher uncertainty 
than market price) 

Slight; subsidizes 
investment cost 


Moderate; shares risk of 
project failure 


Moderate; shares risk of 


investment cost project failure 


Strong; butless than Strong; shares risk of price 
price supports uncertainty 
None 


subsidy 


Slight Strong; shares all project 


risks 


Moderate; subsidizes Moderate; shares risk 


preciation (5 years) investment cost; max- associated with investment 


imum subsidy effect 
is limited by Federal 
corporate income tax 
rate and interaction 
with the depletion 
allowance 


cost uncertainty 


10. Percentage deple- Moderate; subsidizes None; increases risk 


tion allowance 
(27%) 


product price; value 
of subsidy increases 
as the need for the 
subsidy decreases 


associated with price 
uncertainty 


SOURCE: Resource Planning Associates, Inc. 


associated with price uncer- 
tainty (if tax credit varies with 


Slight; improves 
project economics 


Slight adverse effect: 
distorts product price 


Slight; improves 
project economics 


Moderate adverse effect: 
distorts input costs; 
favors capital-intensive 
technologies 


Moderate; improves Slight adverse effect: 
borrowing capability distorts product price 


Strong; improves Slight adverse effect; 
borrowing capability distorts input costs; 
favors Capital-intensive 
technologies 

Slight adverse effect: 
distorts input costs; 
favors capital-intensive 
technologies 

Moderate; improves Slight adverse effect; 
borrowing capability distorts product price 


Strong; Government 
provides capital 


Strong; Government No adverse effect 


provides capital 


Moderate; reduces No adverse effect on firm 
firm’s capital require- decisions; however, ac- 
ment tive Government involve- 
ment may lead to ineffi- 
ciency 

Moderate adverse effect; 
distorts input costs; 
favors capital-intensive 
technologies 


Slight; improves 
project economics 


Slight; improves Moderate adverse effect; 
project economics 
variable and undesirable 


manner 


Minimal administrative 
burden 


Minimal administrative 
burden 


Moderate 
administrative burden 


Moderate 
administrative burden 


Moderate 
administrative burden 


Moderate (normally 
more than price sup- 
ports) 

Moderate 
administrative burden 


Major adminstrative 
burden 
Minimal administrative 


burden 


Minimal administrative 


distorts product price ina burden 


Benefits firms with 
large tax liability and 
strong financial 
capability 

Benefits firms with 
large tax liability and 
strong financial 
Capability 


Benefits all firms 
except those with 
very weak financial 
capability 

Benefits firms with 
weak financial 
Capability 


Benefits firms with 
weak financial 
Capability 


Benefits all firms but 
those with very weak 
financial capability 
Benefits all firms 


Benefits firms that are 
very averse to risk 
(e.g., smaller, less 
well-financed firms) 


Benefits firms with 
large tax liabilities 
and strong financial 
capability 


Benefits firms with 
large tax liabilities 
and strong financial 
Capability 


Firm preferences 


Supported by relatively 
large firms. 


~ Supported very strong- 


ly by most firms; 
however, firms that 
would not be able to 
use the investment 
tax credit do not favor 
its enactment 
Moderately supported 
by a wide range 

of firms 


Supported by firms 
with limited debt 
capacity 


Supported by firms 
with limited debt 
capacity 


Moderate, but less 
than for price 
supports 

Supported by firms in 
widely varying 
financial 
circumstances 

Little support 


Supported by large, 
integrated oil 
companies 


Not supported 
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remaining option is Federal participation in 
demonstration programs for the purpose of 
obtaining and disseminating information. 
This could provide a better assessment of the 
public’s oil shale resources, allow for the par- 
ticipation of firms lacking oil shale land or 
proprietary technologies, permit the thorough 
testing of environmental controls, and facili- 
tate regulation of the industry.* 


The Government could become a part 
owner of the project by sharing the capital 
and operating costs with industry. The conse- 
quences would be similar to those resulting 
from the construction grant option, except 
that the Government would share all of the 
risks and benefits. Almost without exception, 
potential developers believe that active Gov- 
ernment participation would increase mana- 
gerial complexity and inefficiency. Adminis- 
trative burdens would be high. 


The Government could also contract for the 
construction of several modular plants it 
would then operate, either alone or through 
contracts. It would then be in a position to ob- 
tain information on technical feasibility, proj- 
ect economics, and the relative merits of dif- 
ferent processes. This might be of assistance 
in evaluating future policies towards oil shale 
development, in disseminating technical in- 
formation, and in improving understanding of 
the value of publicly owned oil shale re- 
sources. The facility could later be scrapped 
or sold to a private operator. This option 
would provide the Government with informa- 
tion and experience. The cost, however, 
would be much higher than that of incentives 
to private developers. 


Considering that the technologies to be 
tested are proprietary, it is by no means clear 
that the Government would have the legal 
right to publish all this information. In addi- 
tion, its experience in designing, financing, 
managing, and obtaining permits for an oil 
shale plant may not resemble that of private 
industry. Thus, the information acquired 
might be of little use to subsequent private de- 
velopers. Environmental information gath- 


*Various types of demonstration programs are discussed in 
the section on technological policies. 


ered in this way would not entail such prob- 
lems. Furthermore, most of the information 
secured through Government ownership 
could be made available as a condition of 
granting private financial incentives. 


Government intervention is likely to dis- 
courage private developers from undertaking 
their own modular development and R&D ini- 
tiatives, because programs of this kind tend 
to reduce the benefits that a particular firm 
could obtain from its own R&D or modular 
testing. Finally, the patenting and licensing of 
technologies make definite provision for dis- 
semination of technical information on both 
gratis and fee terms to possible users of the 
processes. 


Policy Options for Services, Equipment, 
and Pipelines 


Training programs could alleviate the 
shortage of design and construction person- 
nel, whose skills could be used later in the 
operating facility. Developers normally try to 
avoid equipment shortages by identifying 
items with long delivery times and ordering 
them early. Developers who coordinated ef- 
forts to standardize equipment could reduce 
their problems with specially fabricated 
items. However, such coordination could be 
impeded by developers’ unwillingness to 
share their process information and by anti- 
trust laws. The Government could reduce or 
eliminate tariffs and quotas on imported 
equipment. Domestic suppliers would resist 
this action. Shortages in pipeline capacity 
could be reduced only by building more pipe- 
lines. The Government could provide aid by 
expediting the review and approval of the nu- 
merous permit applications that would be re- 
quired. 


Resource Acquisition 


The oil shale resources are owned by the 
Federal and State governments, by Indian 
tribes, and by private firms. (See figure 5.) 
Overall, the Government owns about 70 per- 
cent of the land surface, which overlies about 
80 percent of the resources. About 20,000 


acres (less than 1 percent) of the Federal land 
has been leased to private firms. It may be 
necessary to involve more Federal land in 
order to test certain technologies, or to estab- 


lish a large industry rapidly. 


issues 


Could the private land support large- 
scale development? 


The private lands are extensive, but it is 


— unlikely that a large industry will be sited on 
them until the processing technologies have 


been proven to be economic. As shown in fig- 


ure 6, the private lands in the Piceance basin 


generally lie along the southern fringe where 
the deposits are comparatively thin and lean, 
and are sometimes mixed with layers of bar- 
ren rock. Development would be more costly 
than on the Federal land to the north, where 
the deposits are more than 1,000 ft thick and 
yield more oil per ton. In addition, the private- 
ly owned resources contain no large deposits 
of sodium minerals and they are, in general, 
too deeply buried for economical open pit 
mining. The large sodium mineral deposits 
and the shallow oil shale beds are on Federal 
land. 


There are some tracts, Colony and Union, 
for example, that contain commercially at- 
tractive rich deposits. These firms have been 
developing retorting technologies for about 
20 years, and projects with a total capacity of 
about 150,000 bbl/d have been proposed for 
their tracts. These projects have been sus- 
pended, however, pending a more favorable 
economic and regulatory climate. The tracts 
owned by Getty, Standard Oil of California, 
and others contain resources of comparable 
quality, but no projects have been announced 
for any of these private lands. In part, this re- 
flects the technological positions of the land- 
owners who do not own advanced retorting 
technologies. They may plan to license the 
processes of the other companies, once these 
have been demonstrated. 
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What production is expected from the 
Federal lease tracts? 


Production from the two Federal Prototype 
Program lease tracts that are presently ac- 
tive could reach 133,000 bbl/d by 1987. How- 
ever, only the lessees of Colorado tract C-b 
are committed to commercial-scale produc- 
tion (57,000 bbl/d). Four other leases were of- 
fered in 1973, but those in Wyoming were not 
sold and those in Utah are suspended until 
the Supreme Court decides who owns the 
land.* The potential production from the 
Utah tracts (100,000 bbl/d) is not assured. 


What other projects have been pro- 
posed or are presently active? 


Tosco is proceeding at a slow pace in re- 
sponse to the diligence requirements of a 
State lease in Utah. Geokinetics, Inc., and 
Equity Oil are conducting small-scale R&D 
projects under cost-sharing arrangements 
with DOE. Occidental Oil Shale is conducting 
large-scale tests of its MIS process under a 
similar arrangement. Paraho Development is 
attempting to extend its lease for DOE’s re- 
search facility at Anvil Points, Colo., and to 
obtain funding for a modular demonstration 
program. Superior Oil Co. has proposed a 
land exchange to develop a multimineral 
process in Colorado, and EXXON Corp. has 
proposed to exchange its scattered holdings 
for a single tract of Federal land in the Pi- 
ceance basin.** DOE and the Department of 
Defense are preparing a plan to develop Na- 
val Oil Shale Reserve (NOSR) 1, near the An- 
vil Points site. If the current R&D is success- 
ful, if the land exchanges are consummated, 
and if favorable economic conditions exist, 
the total production from these projects could 
exceed 250,000 bbl/d. 


*On May 19, 1980, the U.S. Supreme Court reversed the 
lower court decisions and held that the Secretary of the In- 
terior could reject Utah’s applications for oil shale lands (An- 
drus v. Utah, No. 78-1522). 

**The Bureau of Land Management recently denied Superi- 
or’s initial proposal. Negotiations are continuing. 
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Figure 5.—Ownership of the Oil Shale Lands of the Green River Formation 


PICEANCE BASIN 
(COLORADO) 


PRIVATE 
FEE 
21% 


FEDERAL 79% 


GREEN RIVER BASIN 
(WYOMING) 


PRIVATE 
FEE 
24% 


FEDERAL 70% 


STATE 6% 


UINTA BASIN 
(UTAH) 


INDIAN 8% 
PRIVATE FEE 9% 


STATE 6% 


FEDERAL 77% 


WASHAKIE BASIN 
(WYOMING-COLORADO) 


PRIVATE FEE 10% 


STATE 6% 


FEDERAL 84% 


SOURCE: Map of the Major Oil Shale Holdings—Colorado, Wyoming, Utah, Denver, Colo.: Cameron Engineers, Inc., January 1978. 


Will more Federal land be needed to 
initiate an oil shale industry? 


The need for more land will depend on 
whether a large industry is to be created rap- 
idly, on the prevailing prices for imported oil, 
on whether financial incentives are provided, 
and on whether specific processing technol- 
ogies are to be tested. Different amounts of 


shale oil that might result from various Gov- 
ernment actions are indicated in table 5. An 
industry producing at least 60,000 bbl/d could 
emerge without additional Federal actions. A 
360,000-bbl/d industry might result if incen- 
tives were provided to encourage Colony and 
Union to resume their projects.* An industry 


*The incentives would have to be carefully structured to 
achieve this result. See the section on economic and financial 
policies for a discussion of incentives programs. 
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Figure 6.—Privately Owned Tracts in the Piceance basin 
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Private ranch, Piceance Valley, Colo. 


Table 5.—Estimated Shale Oil Production by 1990 in Response to Various Federal Actions 


Case 
Federal action 1 2 3 4 5 


Incentives for first-generation developers? . .. . X X 
Testsites for modular retorts?>............. X 
Resolution of ownership issues on Utah tracts® . 
Gitract landilise’ wetter ec. say ee 
PrOpOSea aNd) EXCHANGESS mclaren edn nememe 
Incentives for second-generation developers 
(or improved economics) 222 etn. ow wa 
Naval Oil Shale Reserves or expanded 
Prototype Program or permanent leasing... . X 


Production, DOW". 5. Sistas man wink ean cer a 60,000-f 360,000 390,000 490,000 560,000 620,000 850,000 1,000,000 
185,000 


>< >< >< 

< >< << 

>< >< >< OOK OO 
>< >< >< OO 
>< >< OK OOK 


>< 
~< 


4Assumes the entry of one as-yet unannounced developer. 

Dincludes the proposed Superior Oil land exchange and a leasing of Anvil Points by Paraho Development. A 30,000-bbI/d production increment from Government-sponsored modular test retorts could occur 
at any point in the first 400,000 bbI/d of production. 

CResumption of the tract U-a/U-b project may also depend on the availability of incentives and on other improvements in project economics. 
For waste disposal from the open pit mine that was originally proposed for tract C-a. 

€includes the proposed Superior Oil and EXXON land exchanges. 

fonly 57,000 bbi/d is firmly committed. 


SOURCE: Office of Technology Assessment. 
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approaching 400,000 bbl/d could be realized 
if incentives were provided and small tracts 
of Federal land were available for retort test 
programs. A multimineral lease or land ex- 
change (such as proposed by Superior) and 
continuation of the Paraho lease at Anvil 
Points are alternatives. If the Utah lease 
tracts resume development, a production of 
500,000 bbli/d might be possible. If the tract 
C-a lessees returned to the original open pit 
mining concept, production could reach 
560,000 bbli/d. (This would require permis- 
sion to site processing facilities and to dis- 
pose of the solid wastes outside of the tract 
boundaries.) Adding the EXXON land ex- 
change might increase production to 620,000 
bbl/d. Unless economic conditions became 
very favorable, a much stronger set of incen- 
tives would be needed to spur development of 
the “‘second generation’’ tracts—those near 
the fringe of the Piceance basin. All of these 
conditions, plus additional leasing or develop- 
ment of the NOSR in Colorado, would be re- 
quired to reach 1 million bbl/d by 1990. 


What are the options for making Fed- 
eral land available?* 


The major options are governmental devel- 
opment of the NOSRs, leasing, and land ex- 
change. Leasing is allowed under the Mineral 
Leasing Act of 1920, as amended. The Proto- 
type Program was structured under this Act. 
Land exchanges such as those proposed by 
Ouperior and EXXON are authorized by the 
Federal Land Policy and Management Act of 
1976 (FLPMA). 


What are their advantages and disad- 
vantages? 


The NOSRs contain poorer quality oil shale 
than the Federal holdings in the central Pice- 
ance basin. NOSR 1 in Colorado, however, is 
large enough to support production of 


*On May 27, 1980, DOI announced it will lease up to four 
new tracts under the Prototype Program and will begin prepa- 
rations for a new permanent leasing effort. Also announced 
was the decision not to give special emphasis to the execution 
of exchanges. 


200,000 bbl/d for at least 20 years. One 
drawback is that this reserve is located near 
the private lands that may be developed, and 
environmental and socioeconomic effects 
would be concentrated if it were developed 
concurrently. Any program for developing 
the reserves (whether by a Government- 
owned corporation, leasing, or cooperative 
agreement with industry) could be structured 
to yield valuable information, but would also 
add a level of administrative overhead. 


Leasing has several advantages. Informa- 
tional requirements and environmental stipu- 
lations can be included in the lease provi- 
sions, and the pace of development can be 
controlled (e.g., specifying preconstruction 
monitoring periods, providing favorable roy- 
alty arrangements, and including diligence 
requirements). Under the Mineral Leasing 
Act, as amended, a portion of the leasing pro- 
ceeds would be returned to the affected State 
and could be used to mitigate the socioeco- 
nomic impacts accompanying development. A 
major long-term advantage would be that the 
Government would continue to own the land. 


Additional leasing at this time also has 
disadvantages. It could increase environmen- 
tal and socioeconomic impacts by encourag- 
ing development before these impacts are ful- 
ly understood and strategies for their mitiga- 
tion in place. Delaying leasing, however, 
while information is collected could lead to 
better design of a future leasing program. 
Furthermore, it can be argued that new leas- 
ing is unwarranted now since existing proj- 
ects theoretically could yield about 400,000 
bbl/d, which is sufficient to test a variety of 
technologies at commercial scale. 


Land exchanges could improve resource 
management by allowing consolidation of 
tracts that are presently too small, or too un- 
favorably situated, for economical develop- 
ment. Under FLPMA, however, environmen- 
tal stipulations, informational requirements, 
and developer participation in socioeconomic 
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impact mitigation programs could not be 
made conditions of any exchange. 


Either lease tracts or land exchange par- 
cels could be selected to avoid ecologically 
sensitive areas and to disperse socioeconomic 
effects. 


What are the difficulties with leasing 
and land exchange? 


All actions involving Federal land in the oil 
shale region may be affected by the unpat- 
ented mining claims that overlie most of the 
Federal holdings.* The claims have been a 
source of legal controversy since the 1920's. 
If they are validated by the courts, the Gov- 
ernment could lose control of much of the oil 
shale land, including tracts potentially avail- 
able for leasing or land exchange. 


Some provisions of the Mineral Leasing Act 
also may inhibit industry’s response to lease 
offerings. These provisions limit the number 
of leases to one per person or firm and re- 
strict the size of a lease tract to a maximum 
of 5,120 acres.** 


If a firm wishes to exchange its holdings 
for a Federal tract, the values of the lands 
must be within 25 percent of one another. 
Given the lower quality of the private oil 
shale lands, such equivalent values may be 
difficult to achieve. In addition, the evalua- 
tion and review procedures for exchanges so 
far have been time consuming. (The Superior 
proposal has been in the review stage since 
1973.) The experiences of Superior and Col- 
ony were the first attempts to use, for oil 
shale lands, the exchange authority under 
FLPMA. Colony did not immediately request 
expedited treatment. Inadequate information 
in Superior’s initial request may have been 
partly responsible for the delay in evaluating 
its request. 

*On June 2, 1980, the U.S. Supreme Court ruled in favor of 
two groups of unpatented claimholders in Colorado. It is too 
early to determine the effects of this action on other unpat- 
ented claims. Andrus v. Shell Oil Co. (No. 78-1815, June 2, 
ery its May 27, 1980, decision paper, DOI stated that it 
would seek legislation to remove the statutory acreage limita- 


tions on lease size, and to permit holding a maximum of four 
leases nationwide and two per State. 


Policy Options 


e Amend the Mineral Leasing Act of 1920. 
—The Act could be amended to increase 
the acreage limitations, or to set the size of 
the tract according to the recoverable 
resources it contained. This might allow 
more economies of scale, thereby improv- 
ing economic feasibility. It might also allow 
the inclusion of a suitable waste disposal 
site within a tract’s boundaries, thus avoid- 
ing the need for separate offtract disposal 
while still providing adequate shale re- 
sources for sustained, large-scale oper- 
ations. The number of leases per person or 
firm could also be increased. This might en- 
courage firms that do not own oil shale 
lands because it would allow them to apply 
experience obtained on one lease tract to 
another while the first was still operating. 
However, the number participating in the 
leasing program could be reduced if a few 
firms acquired all of the leases. One possi- 
bility would be to increase the number but 
limit it to one lease per State. This might 
encourage a firm to develop a process in 
the richer deposits in Colorado and then 
apply it to the poorer quality resources in 
Utah or Wyoming. 


e Amend FLPMA.—FLPMA could be 
amended to allow the inclusion of condi- 
tions (such as environmental stipulations 
and diligence requirements) in oil shale 
land exchange agreements. This would im- 
prove the Government’s control over the 
exchanged parcel, but could discourage 
private participation. 


e Allow offsite land use for lease tracts. 


—Legislation could be passed to allow a 
lessee to use land outside of the boundaries 
of a lease tract for facility siting and waste 
disposal.* This might permit larger, more 
economical operations (including perhaps 
an open pit mine) and would maximize re- 
source recovery on the tract, but could in- 
hibit subsequent development of the off- 
tract areas. 


*DOI indicated in its May 1980 announcement that it would 
propose such a legislative change. 


e¢ Lease additional tracts under the Proto- 
type Program.—There is no statutory lim- 
itation on the number of tracts that could 
be leased under the Prototype Program. 
However, DOI originally committed to leas- 
ing no more than six. Because two of the 
original tracts were not leased, offering 
two new ones might be justified, provided 
that the technologies to be tested were dif- 
ferent from the processes being developed 
on the existing tracts. (One of the primary 
goals of the Prototype Program is to obtain 
information about a variety of technol- 
ogies.) Leasing more than two more tracts, 
or leasing for the purpose of expanding 
near-term shale oil production, would be 
opposed by critics of rapid oil shale devel- 
opment. Leasing could begin sooner than 
under a new leasing program, if some of 
the potential lease tracts previously nomi- 
nated were offered. A supplemental envi- 
ronmental impact statement (EIS) would be 
required. Construction on the tracts could 
probably not begin until 1985 and produc- 
tion no sooner than 1990. 


Lease only for testing of multimineral 
extraction.*—Multimineral extraction, 
wherein shale oil is obtained along with 
other commercially valuable minerals such 
as nahcolite and dawsonite, has been re- 
ceiving increased attention. Potential de- 
velopers argue that obtaining the associ- 
ated minerals would substantially increase 
the profitability of the venture. The only 
suitable land for multimineral experimen- 
tation is federally owned. 


Initiate a new, permanent leasing pro- 
gram.—An advantage would be that more 
production than is possible under the pres- 
ent Prototype Program could be achieved. 
A full EIS and a new set of leasing regula- 
tions would be needed. Without the in- 
formation to be acquired by completing the 
present Prototype Program projects, it 
might be difficult to prepare an accurate 
environmental assessment and to structure 
comprehensive leasing regulations. Pro- 


*DOI will offer at least one multimineral tract in its renewed 


Prototype Program. 
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duction could probably not begin until after 
1990. Abandonment of the Prototype Pro- 
gram would be implied, which might engen- 
der opposition. 


Expedite land exchanges.—No regulations 
governing land exchanges have been pro- 
mulgated under FLPMA. Standardized and 
objective procedures could significantly 
expedite the process. The review and ap- 
proval procedures could also be improved 
by, for example, setting up a task force 
within DOI specifically for oil shale pro- 
posals. 


Government development.—The Govern- 
ment could develop the NOSRs. Unless this 
were done by leasing to private developers, 
it would involve competition with private 
industry, and would encounter political op- 
position. It would also be costly; the public 
would have to pay the full cost of the facili- 
ties, and that might discourage independ- 
ent experiments by private firms. The op- 
tion would be helpful in obtaining informa- 
tion for developing policies and regulations 
for the industry, but the information might 
not be useful to private developers when 
evaluating their investment alternatives. 
This is because of the discrepancy between 
Government and private developers’ ex- 
perience in financing and operating facil- 
ities. Some of the information is being ac- 
quired in the present Prototype Program. It 
could also be obtained in additional leasing 
programs or through licensing arrange- 
ments with the owners of the technologies. 


Continuation of present policies.—Contin- 
uation of present policies concerning off- 
site disposal, lease limitations, and land ex- 
change procedures (without additional 
leasing) would help protect the social and 
physical environments. It would preclude 
commercial development beyond that pres- 
ently envisioned on the four lease tracts 
and the three to five private holdings that 
could support commercial operations. By 
limiting future leasing and land exchanges, 
shale oil production could not exceed 
300,000 to 400,000 bbi/d and the adverse 
impacts of a larger industry would be 
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avoided. The gathering and evaluation of 
information would enhance understanding 
of the environmental consequences of de- 
velopment prior to further commercializa- 
tion, and the pace would provide leadtime 
for the communities to prepare for growth. 
Given the long period needed to construct 
facilities, however, this option would re- 
strict the contribution shale oil could make 
in the near term to the Nation’s liquid fuel 
supply. The option also would tend to dis- 
courage further corporate interest and 
could delay the testing of a variety of tech- 
nologies. 


Environment 


Oil shale facilities, like other mineral 
operations, will emit pollutants and produce 
large amounts of solid wastes. The severity of 
the environmental impacts will depend on the 
scale and duration of the operations, on the 
kinds of development technologies used, and 
on the efficiency of the control strategies. The 
plants must be designed and operated in com- 
pliance with environmental laws. The devel- 
opers plan to achieve compliance largely 
through use of control technologies applied 
successfully in other industries. There ap- 
pears to be little reason to believe that the 
proposed controls cannot be made to work, 
but they have not yet been tested for ex- 


tended periods with the wastes produced. 


during oil shale processing. 


issues 


How will oil shale development affect 
the environment? 


The air in the oil shale region is relatively 
unpolluted and, even if the best available con- 
trol technologies are used, a large industry 
will affect visibility and air quality not only 
near the facilities but also in nearby parks 
and wilderness areas. These impacts will be 
regulated under the Clean Air Act. 


Water quality is a major concern in the re- 
gion. Oil shale operations could pollute the 


water by accidental leaks and spills, by point- 
source wastewater discharges, and by non- 
point discharges, such as runoff and leaching 
of waste disposal areas and ground water 
leaching of in situ retorts. Unless the pollution 
is properly controlled, aquatic biota and 
water for irrigation, recreation, and drinking 
could be adversely affected. Point-source dis- 
charges are well regulated under the Clean 
Water Act; developers plan to discharge no 
processing wastewater to surface streams, 
although they may discharge ground water 
during the early stages of development. 
Standards for injecting wastewaters into 
ground water aquifers are being promulgated 
under the Safe Drinking Water Act; develop- 
ers do not plan to inject any wastewaters, but 
may reinject the ground water extracted dur- 
ing mining. Most of the wastewaters will be 
treated for reuse within the facility. Untreat- 
able wastes will be sent to solid-waste dispos- 
al areas. As mentioned, these areas have the 
potential for nonpoint discharges that are 
neither well understood nor well regulated at 
present, although a framework for their regu- 
lation has been established under the Clean 
Water Act and the Resource Conservation 
and Recovery Act. 


The extent to which development will af- 
fect the land will be determined by the loca- 
tion of the tract; the scale, type, and combina- 
tion of processing technologies used; and the 
duration of the operations. Land conditions 
(largely topographic changes from mining 
and waste disposal) and wildlife will be af- 
fected. The facilities must comply with the 
State laws that govern land reclamation and 
waste disposal, which in some ways are less 
stringent than the Federal laws governing 
reclamation of land disturbed by coal mining. 
Appropriate methods must be used to prevent 
the large quantities of solid wastes from pol- 
luting the air with fugitive dust and the water 
with runoff and leachates. 


Many of the occupational safety and health 
hazards will be similar to those of hard-rock 
mining, mineral processing, and the refining 
of conventional petroleum. Workers might, 
however, be exposed to unique hazards be- 
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cause of the physical and chemical charac- 
teristics of the shale and its derivatives, the 
types of development technologies employed, 
and the scale of the operations. To protect 
workers from these hazards, the developers 
will have to comply with the Occupational 
Safety and Health Act and the Mine Safety 
and Health Act. Specific practices will have 
to be developed as the industry grows. This 
may be difficult if the growth is too rapid. 


What are the major uncertainties with 
respect to the impacts of the industry? 


Although extensive work has been under- 
taken on pollution control technologies and 
mitigating strategies and on procedures to 
protect the safety and health of the workers, 
uncertainties remain. For example, it is not 


known whether conventional methods could 
treat all of the process wastewaters to dis- 
charge standards, should this become neces- 
sary or desirable in the water-short region. 
Nor is it known whether the proposed recla- 
mation techniques will adequately protect the 
waste disposal areas from leaching. Were 
significant leaching to occur, it could have 
severe effects on the region’s water quality. 
The stability of revegetated spent shale piles 
will remain uncertain for many years, and 
the effectiveness of strategies proposed for 


controlling the leaching of in situ retorts is 
unknown. 


Worker fatalities and injuries have been 
rare in the industry to date, but oil shale has 
been mined and processed only for experi- 
mental purposes, and at rates that are insig- 
nificant compared with commercial-scale op- 
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erations. Predictions of a safe working envi- 
ronment have yet to be verified under condi- 
tions of sustained large-scale production. 


The rates and characteristics of atmos- 
pheric emissions have not been firmly de- 
fined, and their dispersion patterns cannot be 
accurately predicted because modeling meth- 
ods are not yet adequate for the irregular ter- 
rain and complex meteorology of the oil shale 
region. 


Laboratory studies, computer simulations, 
and pilot-scale test programs could clear up 
some of these uncertainties (such as disper- 
sion behavior and wastewater treatment). 
Others (such as the efficacies of waste dis- 
posal practices) may need extensive test pro- 
grams involving commercial-scale modules or 
plants. 


What potential impacts are not pres- 
ently well regulated? 


New Source Performance Standards for 
air and water pollution control have not yet 
been developed, although the regulatory 
framework exists and they will be forthcom- 
ing as experience is gained with the oper- 
ations. Standards for hazardous air pollut- 
ants and visibility will be promulgated by the 
end of 1981. It does not appear, however, that 
the hazardous substances to be covered by 
these regulations will be generated in signifi- 
cant quantities by oil shale operations. Non- 
point sources of water pollution are not 
presently well regulated. Performance stand- 
ards for land reclamation that are specific to 
oil shale have not yet been developed. Stand- 
ards developed for coal under the Surface 
Mining and Reclamation Act are not entirely 
suitable for oil shale because of the signifi- 
cant differences that exist in geology, topog- 
raphy, waste characteristics, and other fac- 
tors. A regulatory framework similar to that 
in the Act could be used for developing oil 
shale standards. 


Environmental monitoring is presently re- 
quired on private lands to assure compliance 
with State and Federal regulations. The re- 
quirements, however, are not so strict as 


those under the Prototype Leasing Program. 
Environmental groups believe that the same 
conditions should apply to both private lands 
and Federal lease tracts. This, they believe, 
would provide better information about the 
environmental impacts from the technologies 
operating on private holdings, and would 
allow comparison with the effects from the 
Federal lands. Furthermore, since one pur- 
pose of the Prototype Program is to obtain in- 
formation about a variety of technologies, ad- 
ditional monitoring of the private lands might 
provide these data. As a result, the need for 
additional Federal leasing might be reduced. 


Developers using private lands oppose this 
action and claim that existing requirements 
are more than sufficient to monitor the ef- 
fects of their projects. They also point out 
that additional monitoring is done voluntarily, 
and assert that some of the tests required on 
the lease tracts are of limited or dubious 
value. 


4 How much will pollution control cost? 


Air pollution control is estimated to cost 
approximately $0.90 to $1.15/bbl of syncrude 
produced. Water pollution control is esti- 
mated to cost about $0.25 to $1.25/bbl of syn- 
crude, assuming the water is treated for re- 
use within the facilities. Land reclamation 
will cost about $4,000 to $10,000/acre dis- 
turbed, or about $0.01 to $0.04/bbl of syn- 
crude. The total cost, which may vary signifi- 
cantly with the location of a project, with the 
nature of the operation, and with other fac- 
tors, might be about $1.00 to $2.50/bbl (1.6 to 
2.4 cents/gal) of oil produced. Although sub- 
stantial, the cost should not preclude the es- 
tablishment of an industry since it would 
have only a small effect on the product price. 


Will the size of the industry be limited 
by existing environmental regulations? 


Existing regulations for water quality, land 
use, and worker health and safety do not ap- 
pear to be obstacles. However, the industry’s 
capacity will probably be limited by air quali- 


ty standards governing the prevention of sig- 
| nificant deterioration (PSD). These specify 
the maximum increase in the concentrations 
of sulfur dioxide and particulates that can oc- 
cur in any area. Under the Clean Air Act, the 
oil shale region has been designated a Class II 
| area, where some additional pollution and in- 
| dustrial growth are allowed. Class I areas, 
| where the air quality is more strictly regu- 
| lated, however, are nearby. One of these, the 
Flat Tops Wilderness, is less than 40 miles 
from the edge of the Piceance basin, where 
most of the near-term development is likely to 
take place. A preliminary dispersion model- 
_ing study by the Environmental Protection 
Agency (EPA) has indicated that an industry 
_ of up to 400,000 bbl/d in the Piceance basin 
could probably comply with the PSD stand- 
ards for Flat Tops, if the plants were dis- 
persed. Additional capacity could be _ in- 
. stalled in the Uinta basin, which is at least 95 
miles from Flat Tops. A 1-million-bbl/d in- 
| dustry could probably not be accommodated, 
| because at least half of its capacity would 
| have to be located in the Piceance basin. 


| The lack of commercially available plant 
| species that are adaptable to the oil shale 
|: region also could impose a temporary restric- 
| tion on the industry’s land reclamation ef- 
| forts. If commercial growers were to expand 
|| their production to keep ahead of the needs, 
| this problem could be solved. 


Will the industry be limited by the pro- 
cedures for obtaining environmental 
permits? 


Of the more than 100 permits required for 


| construction and operation of an oil shale fa- 


cility, about 10—the major environmental 
permits—require substantial commitments of 
| time and resources. It may take as long as 2 
| years after the start of baseline monitoring 
| programs to obtain these permits, with an ad- 
ditional minimum of 9 to 24 months required 
if an EIS needed.* If the regulatory agencies 


*A statement may take much longer. The programmatic EIS 
for the Prototype Leasing Program required 4 years. Preparing 
the draft EIS for the proposed Superior land exchange required 
2 years. The EIS for extending Paraho’s Anvil Points lease is in 
its fifth revision, after more than 2 years. 
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need additional technical information, or if 
agency personnel are overloaded with work, 
the process may even take longer. Although 
the permitting process is lengthy, it should 
not preclude the establishment of an individ- 
ual project. Particularly if many projects be- 
gin simultaneously, agency overloads could 
delay them all, thus causing cost overruns. 
This should not limit the size of the industry, 
but it might prevent a large industry from 
being established rapidly. 


Policy Options for Air Quality Management 


¢ Increase information.—More R&D could 
be conducted on air pollutants, their ef- 
fects, and their controls. Studies of the 
dispersion behavior of oil shale emissions, 
for example, would lead to a better under- 
standing of the long-range consequences of 
these emissions on ambient air quality. 
This, in turn, would provide guidance for 
plant siting to reduce air quality deteriora- 
tion. Options include the evolution of ex- 
isting R&D programs in EPA and DOE, their 
expansion by redistributing or increasing 
appropriations, and the passage of legisla- 
tion specifically for air quality studies. 
R&D should be coordinated with any dem- 
onstration projects that are conducted. 
Data from these projects could help in set- 
ting performance standards for pollution 
control. 


e Change the standards.—The emissions 
standards for oil shale facilities have not 
yet been set because of a lack of informa- 
tion about the nature of the operations. The 
estimated limit of 400,000 bbl/d in the Pi- 
ceance basin is based on estimates of the 
emissions that would occur if the best cur- 
rently available control technologies were 
applied. EPA could set stricter emissions 
standards that would reduce air pollution 
and, if the standards could be met, would 
also allow more production. If the plant 
emissions were cut in half, for example, up 
to 800,000 bbl/d could be installed in the 
Piceance basin, and more in Utah. This op- 
tion would entail much higher control 
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costs, and it might not be technologically 
achievable. 

Another option would be to redesignate 
the oil shale region from Class II to Class 
Ill. This would allow greater degradation 
of air quality (the extent of which cannot 
be accurately predicted in the absence of 
reliable regional modeling studies) while 
allowing more production. However, it 
would not remove the limits imposed by 
nearby Class I areas, which at present ap- 
pear to be controlling. 


Amend the Clean Air Act.—There are 
three options for amending the Act. Each 
deals with the restriction posed by the PSD 
standards. 

At present, EPA distributes PSD permits 
to developers on a first-come, first-served 
basis. The Act could be changed to require 
a coordinated strategy for facility siting 
that would maximize production while 
maintaining air quality at regulated levels. 
EPA could allocate portions of the PSD in- 
crements based on its own analysis of 
needs and impacts, or it could consult with 
all of the potential developers in an attempt 
to evolve an optimum distribution. (An 
amendment would be required to avoid im- 
pediments to such cooperation under the 
antitrust laws.) Distributing the PSD incre- 
ment among the maximum number of facil- 
ities would amount to an implicit tightening 
of the emissions restrictions, which would 
add to the costs of air pollution control. 

The Act could be amended to exempt the 
developers from maintaining the air quali- 
ty of the nearby Class I areas, while adher- 
ing to Class II standards in the oil shale 
region. The maximum size of the industry 
would be limited, because the developers 
would still have to comply with the region’s 
standards. Alternatively, if this action 
were coupled with a redesignation of the 
oil shale region to Class III, there could be, 
at the cost of increased pollution in all 
areas, at least twice as much production as 
is presently possible. (The Class III stand- 
ards allow twice as much pollution as 
Class II.) 


Finally, the Act could be amended to ex- 
empt the developers from air quality regu- 
lations in both the oil shale area and the 
nearby Class I areas. This would allow 
high levels of production, again at the cost 
of increased pollution over a large area. 
This action would encounter significant po- 
litical and legal resistance. 


Policy Options for Water Quality Management 


e Increase information.—More R&D could 


be conducted to develop and demonstrate 
methods for treating the process waste- 
waters to meet discharge standards. Al- 
though not a part of current developer 
plans, such treatment could provide addi- 
tional water resources for the water-short 
region. Additional attention could also be 
given to preventing leaching of waste dis- 
posal areas and in situ retorts. Policy ac- 
tions would be similar to those for air 
quality R&D. Alternatively, requirements 
for developing strategies for dealing with 
the long-term effects on water quality 
could be added to leases for Federal land. 
(The lessees in the current Prototype Leas- 
ing Program are required to develop and 
demonstrate both reclamation methods 
and procedures that will prevent the leach- 
ing of in situ retorts.) 


Develop regulatory procedures and stand- 
ards.—Promulgating standards in the 
areas that are not presently well regulated 
would reduce the uncertainty that future 
regulations could preclude profitable oper- 
ations. Under the present approach, regu- 
lations evolve as the industry and its con- 
trol technologies develop. This introduces 
uncertainty, but allows the standards to be 
set with a knowledge of the technical and 
economic limitations. As an alternative, 
standards could be set that would not 
change for a period of say, 10 years, after 
which they could be adjusted to reflect the 
experience of the industry. This would re- 
move the uncertainty, but the standards 
would have to be carefully established to 
assure that they were both adequate to 


protect the environment and attainable at 
reasonable cost. 


Ensure the long-term management of 
waste disposal sites and in situ retorts.— 
These locations may require monitoring 
and maintenance for many years after the 
projects are completed. Long-term manage- 
ment could be regulated, for example, un- 
der the Resource Conservation and Recov- 
ery Act, which allows EPA to set standards 
for the management of hazardous materi- 
als, including mining and _ processing 


wastes. (Spent oil shale has not been classi- 


fied as a hazardous waste, but EPA has 
suggested that it may be given a special 
classification because of the large volumes 
that will be produced.) Alternatively, the 
developers could be required to guarantee 
such management by incorporating appro- 
priate provisions in leasing regulations. 


Policy Options for Occupational Health and Safety 


e Increase information.—R&D could be con- 


ducted on the cancer risks associated with 
processing oil shale and shale oil. This 
work should take advantage of the exten- 
sive, but often conflicting, prior work and 
should be coordinated with ongoing stud- 
ies. Policy actions would be similar to those 
for air quality R&D. 


Undertake health surveillance.—A central 
registry of health records would facilitate 
the identification of hazards and the devel- 
opment of protective methods. It could be 
located in a regional medical center, with 
or without the active participation of Fed- 
eral agencies. Funds could be provided by 
the Government, by the States, by labor or- 
ganizations, or by the developers. 


Develop exposure standards.—As infor- 
mation about potential chemical health 
hazards is analyzed, the National Institute 
of Occupational Safety and Health, the Oc- 
cupational Safety and Health Administra- 
tion, and the Mine Safety and Health Ad- 
ministration could address the necessity 
for exposure standards. 
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Policy Options for Land Reclamation 


e Increase information.—R&D and field test- 


ing could be conducted on reclamation 
methods and the selection of plant species 
for revegetation. This work would help set 
reclamation performance standards for 
the oil shale industry. Policy actions would 
be similar to those for air quality R&D. Ad- 
ditionally, the developers could continue to 
be required in future leasing programs to 
develop viable reclamation methods (cur- 
rently required of participants in the Proto- 
type Leasing Program). 


Establish Federal reclamation § stand- 
ards.—Legislation could be introduced to 
provide standards that are appropriate to 
the conditions in the oil shale region and to 
the types of disturbance that will occur 
with development. The standards should 
be ecologically sound, economically achiev- 
able, and consistent with the public’s goals 
for postmining land use. Consideration 
should be given to the relative merits of 
alternative control strategies and environ- 
mental performance standards necessary 
to reduce erosion and leaching and to allow 
more efficient use of the land for wildlife, 
grazing, or other purposes. 


Expand the production of seeds and plant 
materials.—This might avoid a possible de- 
lay in reclamation programs. It could be 
done by providing appropriations to the 
Federal plant materials centers and by ex- 
panding the cooperative programs be- 
tween these centers and commercial sup- 
pliers. 


Protect the wildlife and their habitats. 
—Lease tracts and land exchange parcels 
could be chosen to minimize disruption of 
ecologically fragile areas. This would re- 
quire extensive, site-specific character- 
ization studies in advance of leasing or ex- 
change. These studies would be expensive 
and time consuming, but they could ulti- 
mately expedite subsequent actions by re- 
ducing the duration of the baseline moni- 
toring period that might be required of de- 
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velopers. (Provisions for wildlife mainte- 
nance were included in the leases for the 
Prototype Program.) 


Policy Options for Monitoring and for 
Permitting Procedures 


e Increase information.—Additional envi- 
ronmental monitoring of developments on 
private lands could be required. This 
would entail changing existing laws and 
regulations. Its advantages include gather- 
ing comparable information for both pri- 


vate holdings and Federal lease tracts. The - 


new information might reduce the need for 
leasing more Federal tracts to test technol- 
ogies not being used by the Prototype Pro- 
gram lessees. Its disadvantages include the 
possibility of litigation. It would also in- 
crease expenses for developers using pri- 
vate holdings. 

Further study of the permitting proce- 
dures could help to design more efficient 
ones while maintaining a high level of envi- 
ronmental protection. The studies could be 
conducted by the regulatory agencies or by 
the General Accounting Office. 


e Increase agency resources.—Increasing 
personnel and financial resources would 
allow the agencies to improve their re- 
sponse capabilities and increase their as- 
sistance to State and local regulators. Co- 
ordination of the expanded resources 
would also be needed. 


e Improve coordination among the agencies 
and between the agencies and the pub- 
lic.—Coordinated reviews could be con- 
ducted to reduce jurisdictional overlaps, 
paperwork, and workloads. It might be 
necessary to mandate coordination to as- 
sure its effectiveness. Another approach 
would be to establish a regionwide envi- 
ronmental monitoring system to determine 
baseline conditions for all areas to be af- 
fected by oil shale projects. This might re- 
duce the duration and the cost of the moni- 
toring programs now required of permit 
applicants. Site-specific studies and mon- 
itoring would still be needed for certain 
data. Another option would be to improve 


the coordination of public participation in 
agency decisionmaking processes. This 
might help reduce confrontations, although 
it could lead to an expanded perception of 
risks and thus to stronger opposition. 


Clarify the regulations and the permitting 
process.—Simplifying the procedures 
would have the advantage of retaining the 
laws and their protection while making it 
easier to comply with them. Problems could 
arise if procedures were changed while ap- 
plications were in process. Another ap- 
proach would be to establish detailed, 
standardized specifications for permit ap- 
plications. (EPA is doing this for the PSD 
process.) This would reduce, but not elim- 
inate, delays. Fully standardized forms are 
probably not practical. 


Expedite the permitting procedure.—An 
authority (such as the Energy Mobilization 
Board) could be established with power to 
make regulatory decisions if the agencies 
do not do so within a set period. This would 
provide a single point of contact between 
the developer and the regulatory system, 
but it would add to the bureaucracy and in- 
crease controversy. Another possibility 
would be to limit the period of litigation for 
permitting actions, as was done in the case 
of the Trans-Alaska oil pipeline. 


‘“‘“Grandfather’”’ oil shale projects.—Plants 
under construction, or already operating, 
could be exempted from future regulations. 
(This concept is embodied in the Energy 
Mobilization Board legislation.) This would 
remove many regulatory uncertainties, but 
would reduce environmental protection. 
Some environmental laws already contain 
‘“‘srandfather’”’ clauses. 


Waive existing environmental laws.—This 
would remove virtually all of the problems 
and delays associated with permitting. 
However, it would have serious political, 
environmental, and social ramifications. 
The allocations of the waivers would be 
highly controversial. The extent to which 
such action would speed the deployment of 
an oil shale industry is unclear. 
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Water Availability 


Oil shale development will affect the hy- 
drologic basins of the Green River, the White 
River, and the Colorado River mainstem in 
Colorado. These basins are located within the 
semiarid Upper Colorado River Basin, which 
includes the Colorado River and its tribu- 
taries north of Lee Ferry, Ariz. (See figure 7.) 
The river system is one of the most important 
in the Southwest. It serves approximately 15 
million people, and its waters are critical re- 
sources for towns, farming, industry and min- 
ing, energy development, recreation, and the 
environment. In the past, natural flows along 
with water storage and diversion projects 
have generally been adequate. However, be- 
cause the region is developing, water supplies 
are beginning to be strained, and at some 
point in the future a scarcity of water may 
limit further growth. 


Issues 


What are the water needs of an oil 
shale industry? 


Depending on the technologies used, pro- 
ducing 50,000 bbl/d of shale oil syncrude 
would consume 4,800 to 12,300 acre-ft/yr of 
water for mining, processing, waste disposal, 
land reclamation, municipal growth, and 
power generation. This is the equivalent of 
from 2.1 to 5.2 bbl of water consumed per 
barrel of oil produced. A 1-million-bbl/d in- 
dustry using a mix of technologies might re- 
quire 170,000 acre-ft/yr. This is slightly more 
than 1 percent of the virgin flow* of the Colo- 
rado River at Lee Ferry, or 5 percent of the 
water consumed in the Upper Basin at pres- 
ent.** 


*Virgin flow is the flow that would occur in the absence of 
human-related activities. 

**For comparison, irrigated agriculture along the White 
River and the Colorado River consumes about 549,000 acre- 
ft/yr to produce 3 percent of Colorado’s crop production. This is 
equivalent to the water needs of a 3.2-million-bbl/d oil shale in- 
dustry. 


2 Is there enough surface water avail- 
able to support a large industry with- 
out curtailing other uses? 


Surplus surface water will be available to 
supply an industry of at least 500,000 bbl/d 
through the year 2000 if: 


e additional reservoirs and pipelines are 
built; 
and 
e demand for other uses increases no fast- 
er than the States’ high growth rate pro- 
jections; 
and 
e average virgin flows of the Colorado 
River do not decrease below the 1930-74 
average (13.8 million acre-ft/yr). 


Otherwise, surface water supplies would not 
be adequate for this level of production un- 
less other uses were curtailed, interstate and 
international delivery obligations as present- 
ly interpreted by the Government were not 
met, or other sources of water were devel- 
oped. If the reservoirs and pipelines are built, 
flows do not decrease, and the region devel- 
ops at a medium rate (which the States re- 
gard as more likely), there should be suffi- 
cient surplus water to support an industry of 
over 2 million bbl/d through 2000. 


In the longer term, surface water may not 
be adequate to sustain growth. Surplus water 
availability is much less assured after 2000. 
If the rivers’ flows do not decrease, and if a 
low growth rate prevails, demand will exceed 
supply by 2027 even without an oil shale in- 
dustry. With a medium growth rate, the sur- 
plus will disappear by 2013. A high growth 
rate will consume the surplus by 2007, again 
without any oil shale development. This is a 
potentially serious problem for the region, 
and its implications for oil shale development 
are controversial. On the one side, it is 
argued that there is no surplus surface water 
and this should preclude the establishment of 
an industry. On the other side, it is main- 
tained that the facilities in a major industry 
could function for much of their economic 
lifetimes without significantly interfering 
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Figure 7.—The Upper and Lower Colorado River Basins 
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with other users, and in any case would use 
relatively little water. (A 1-million-bbl/d in- 
dustry would accelerate the point of critical 
water shortage by about 3 years if only sur- 
face water were used.) 


In any event, the analysis of future water 
availability is clouded by the uncertain de- 
mand schedules of other users and by a long- 
standing legal conflict between the Upper 
and Lower Basin States. It is not clear how 
much water is legally available to the Upper 
Basin and therefore to the oil shale region. 
For example, the calculations presented 
above assume that 750,000 acre-ft/yr is sent 
from the Upper Basin to Mexico to satisfy a 
national delivery obligation incurred under 
the Mexican Water Treaty of 1944-45. The 
Upper Basin States maintain that they are not 
responsible for this obligation and that the 
water should be freed for their use. (The 
quantity of water in question is equivalent to 
the water needs of a 4.4-million-bbl/d oil shale 
industry.) The region’s water problems can- 
not be solved, however, simply by reallocat- 
ing surface water supplies from the Lower 
Basin States, where water is an equally criti- 
cal resource. Rather, if growth is to be sus- 
tained in both basins, it may be necessary to 
increase net supplies by more efficient mu- 
nicipal, industrial, and agricultural use; or to 
increase gross supplies by importing water 
from other hydrologic basins or possibly by 
weather modification. All of these options 
would be expensive, will involve environmen- 
tal impacts, and could encounter legal, politi- 
cal, and institutional opposition. 


Will the costs of obtaining water limit 
the size of the oil shale industry? 


Although water is expensive in the West, 
the costs of water development will be a small 
fraction of the costs of producing shale oil 
and therefore should not limit development. 
The costs of the most expensive water supply 
option, importation from other hydrologic ba- 
sins, could exceed $1/bbl of shale oil pro- 
duced. Other supplies would cost less than 
$0.50/bbl. This includes the amortized costs 
of reservoir and pipeline construction plus 
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the cost of treating the water to industrial 
standards. Development of high-quality 
ground water would be least expensive, but 
would be limited to specific areas. 


Will the use of water for oil shale de- 
velopment affect irrigated agricul- 
ture? 


The effects on farming should be relatively 
small, especially when compared with those 
caused by competition for labor and by the 
purchase of farmlands for municipal growth. 
Farm production in the Colorado portion of 
the Upper Basin would be reduced if rights to 
irrigation water were sold to oil shale devel- 
opers, but the present developers do not plan 
to purchase irrigation water in significant 
quantities. In the longer term, if water short- 
ages occur, the industry may have to pur- 
chase water, thus displacing farm produc- 
tion. The water laws of all three States allow 
the transfer of rights between willing sellers 
and purchasers. 


Will developing water resources for oil 
shale have severe environmental im- 
pacts? 


The environmental impacts will include re- 
duced stream flows, increased salinity in the 
river system, and land alterations as a conse- 
quence of constructing reservoirs and diver- 
sion facilities. These should be small on the 
Upper Basin as a whole, but could be large in 
some areas, especially where reservoirs will 
be built. Fish habitats and recreational activ- 
ities along the White River are expected to be 
the most severely affected. Environmental im- 
pacts on the Lower Basin States should not be 
substantial. 


What will be the economic effects of 
developing water resources for oil 
shale? 


The economic losses from decreased flows 
and increased salinity could reach $25 mil- 
lion per year for a 2-million-bbl/d industry. 
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Irrigated farmland in the Colorado River Valley 


These would include the effects of increases 
in salinity on farming and of reductions in 
river flows on farming and hydroelectric 
power production. (It is assumed that the de- 
velopers do not purchase irrigation water.) 
The positive effects of the same industry 
would include a gain of several billion dollars 
per year in regional income. A simple com- 
parison of the relative gains and losses 
should be made with caution, however, be- 
cause some of the adverse effects would oc- 
cur in areas that will not enjoy the benefits. 
For example, some of the impacts on farming 
will be experienced in the Lower Basin. 


Policy Options 


¢ Development of a water management sys- 
tem.—The U.S. Bureau of Reclamation 
(USBR)* and individual developers and 
other users have conducted preliminary 
water management studies. No systematic 
basinwide evaluation of water manage- 


*Now the Water Power Resources Service. 


ment alternatives, however, has compared 
water supply options with respect to their 
water and energy efficiency, their costs 
and benefits, and their environmental and 
social effects. Such an assessment, involv- 
ing Federal, State, and local governments; 
regional energy developers; other users; 
and the general public, may be an appro- 
priate prelude to actions to construct new 
water storage and diversion projects. It 
could be especially useful in evaluating 
and coordinating such controversial op- 
tions as importation of water. Funding 
could be provided by DOI, DOE, or other 
agencies. USBR or the Colorado River Com- 
pact Commission could manage the study. 


Financing and building new reservoirs.— 
New reservoirs will be needed if a large in- 
dustry is to be established. These could be 
provided through two mechanisms. First, 
Congress could appropriate funds for those 
water projects that have already been au- 
thorized under the Colorado River Storage 
Project Act. (At least one of these, the West 


Divide project, may be suitable for supply- 
ing water to oil shale facilities in Colorado.) 
Second, legislation could be passed speci- 
fying both the construction and funding of 
water projects not now authorized for the 
region. Alternatively, a State organization 
or the oil shale developers themselves 
could finance and build the water storage. 
A commitment to the facilities would sim- 
plify planning for the oil shale industry and 
for other regional growth as well. The fa- 
cilities would be expensive, and their con- 
struction might be resisted especially if 
general tax revenues were used for this 
purpose. 


Minimizing reservoir and diversion siting 
problems.—The siting, construction, and 
operation of reservoirs and diversion proj- 
ects could be affected by the Endangered 
Species Act, the National Wild and Scenic 
Rivers Act, and the Wilderness Act. Prob- 
lems could be avoided if Congress directed 
that the Federal agencies complete a sur- 
vey of endangered species in the area (in- 
cluding the designation of critical habitats, 
if any are found), identify the stream 
reaches that will be included in the Wild 
and Scenic Rivers System, and designate 
the areas to be included in the National 
Wilderness Preservation System. The stor- 
age and diversion facilities could then be 
sited to minimize interference with these 
areas. The environmental surveys in par- 
ticular could be time-consuming and ex- 
pensive, and expediting the selection proc- 
esses might involve departing from the pur- 
poses of the respective Acts. 


Make water available for oil shale.— 
Congress could take steps to assure that 
water was supplied to oil shale facilities 
from Federal reservoirs, both the existing 
ones and any new ones that might be built. 
This policy would have to be carefully im- 
plemented to avoid interfering with other 
users and with the water management poli- 
cies of the affected States. 

The Government could also provide wa- 
ter from Federal reserved rights. Because 
of legal restrictions on the use of water 
from Federal reservations, the only poten- 
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tial source appears to be the NOSRs in Col- 
orado and Utah. The States might resist al- 
locating this water to an oil shale industry. 
For example, the use of water from NOSR 1 
is in the early stages of litigation in Col- 
orado. 


Supply water through interbasin diver- 
sions.—Water shortages in the Upper 
Basin could be reduced by importing water 
from other hydrologic basins. Options in- 
clude transporting water directly to the oil 
shale region; or to satisfy all or part of the 
delivery obligation to Mexico; or to supply 
water to the cities in Colorado’s Front 
Range Urban Corridor (to replace the wa- 
ter that is presently obtained from the oil 
shale region). All of these options could re- 
lease sufficient water to support a large in- 
dustry as well as allowing other types of re- 
gional growth. However, they all would be 
expensive. Furthermore, the study of diver- 
sions into the Colorado River Basin is 
banned by Federal statute until 1988. This 
ban would have to be lifted before the op- 
tion of supplying water directly to the oil 
shale region could proceed. The other al- 
ternatives might not be impeded. 


Encourage more efficient use of water.— 
Financial and technical assistance could 
be provided to encourage municipal, agri- 
cultural, and industrial water conservation 
practices. Likely targets would be agricul- 
ture, powerplants, the oil shale facilities in 
the development region itself, and the cities 
on the eastern slope of the Rocky Moun- 
tains that import water from the region. 
Large quantities of water could be saved, 
although at substantial cost. The imple- 
mentation of these policies could encounter 
resistance. Augmentation methods such as 
weather modification could be tried but 
would entail environmental, legal, and in- 
stitutional problems. 


Socioeconomics 


The oil shale region in which near-term de- 


velopment is likely to occur is a 3,200 mi’ 
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rural area, sparsely populated and with lim- 
ited transportation. (See figure 8.) In north- 
western Colorado, about a dozen towns in 
three counties are likely to be substantially 
affected.* The population of one of these 
counties could increase by as much as seven- 
fold if a 500,000-bbl/d industry were estab- 
lished and other energy industries expanded. 
(See figure 9.) The benefits of this growth 
could include increased employment, higher 
wages, a broader tax base, community im- 
provements, and stimulation of other busi- 
nesses. Among the negative consequences 
could be a severe housing shortage, strain on 
public services and facilities, symptoms of 
social stress such as increased crime, and 
private-sector dislocations such as _ small- 
business failures. Even if the growth is rea- 
sonably well controlled, some residents may 
perceive a deterioration in their quality of 
life. The term ‘‘modern boomtown”’ has been 
used to describe communities that have expe- 
rienced these kinds of growth-related nega- 
tive impacts. 


The region is presently growing and has ex- 
perienced some adverse effects, although lo- 
cal officials are confident that their commu- 
nities can deal with additional development. 
The oil shale developers have been respon- 
sive to the social effects of the industry’s ex- 
pansion. A sense of increased community 
identity and pride is already evident, and is 
considered by some as a positive conse- 
quence of oil shale development. Whether the 
communities will continue to deal successful- 
ly with their growth, or be overwhelmed by it, 
will depend on a number of factors. Among 
these are: 


e the absolute numbers and abruptness of 
the population influx; 

e the attitudes of both long-term residents 
and newcomers; 

e past experiences with boom and bust 
cycles; 

e the ability of local political structures to 
prepare for population growth; and 

e the availability of assistance—financial 
and other—for mitigation of impacts. 


*This summary refers primarily to Colorado. Utah and Wyo- 
ming are discussed in ch. 10. 


Issues 


1 How many people can the region ab- 
sorb? 


Between 1985 and 1990, the physical facil- 
ities of the small communities in Garfield and 
Rio Blanco Counties that will be most affected 
by oil shale development should be able to ac- 
commodate up to 35,000 people. This as- 
sumes presently planned improvements and 
expansions (including the construction of Bat- 
tlement Mesa, a new town) can be completed. 
(See table 6.) This capacity, which is an in- 
crease of 250 percent over the present popu- 
lation, is compatible with the growth that will 
accompany completion of the two presently 
active oil shale projects (they could produce 
133,000 bbl/d). The growth accompanying an 
industry of up to 200,000 bbl/d could be ac- 
commodated if the construction were phased 
and if some of the new people lived in adja- 
cent Mesa County. If additional projects were 
sited in Utah, the industry could reach 
300,000 bbl/d. Major efforts would be neces- 


Table 6.—Actual and Projected Population and Estimated 
Capacity of Oil Shale Communities in Colorado 


Population 
1977 1980 1985-90 
Location@ census projected® capacity? 
Garfield County 
Rifles Jee Rey ee Rae. tae 2,244 4,362 10,000 
Silt heen’ Wet ea ries? 859 1,211 2,800 
New Castes ie, 2.20. 2, skye eee 543 831 1,000 
GrandiValleyee nero nat Sear 377 589 3,000 
Battlement MeSao’. cafais 2 eae = 198 2,500 
OUNeR Ae ee teens ee eee _ = 1,700 
Subtotals st cece “enemies 4,023 7,191 21,000 
Rio Blanco County 
Meeker*ine tae. Se eR as Aaa 1,848 2,779 6,000 
Rangelyernh mia ms.beee coe See 1,871 2,223 6,000 
ieee eee Ae ee Re eee ee 1,381 1,542 2,000 
SCO ta | Lae vegas i ote he, aed See 5,100 6,544 14,000 
Total abi +. cee 24} See ee 9,123 13 fdor W30,000 


4Does not include Mesa or Moffat Counties, both of which are more distant from the area of devel- 
opment. ' 

Dactuals from a special U.S. census. 

CEnd-of-the-year projections by the Colorado West Area Council of Governments. 

destimated by OTA from various planning and needs assessments documents; assumes comple- 
tion of currently planned projects (e.g., housing, water and sewer system expansions, street 
and road improvements, etc.). 

®A new town; construction anticipated to begin in the early 1980's. 

fincludes only the immediate oil shale vicinity. 


SOURCE: Office of Technology Assessment. 
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Marker indicating original site of the 
Northern Ute Indian Reservation near Meeker, Colo. 


sary to assist the small communities in Utah if 
sudden, rapid growth accompanied industry 
expansion.* In Colorado, additional growth 
could be accommodated if some of the pres- 
ently planned facilities for workers and their 
families were constructed quickly. For exam- 
ple, according to current schedules, Battle- 
ment Mesa will house 1,500 residents in its 
first phase of development (ultimate plans 
call for a maximum of 7,000 units for 21,000 
people). If construction were accelerated, 
more could be housed in a shorter period of 
time. 


The Colorado communities expect to be 
able to assimilate more residents because 
they have been preparing for an oil shale in- 
dustry for nearly 10 years. Local interests 
have participated in broadly structured task 
forces that assist in planning and managing 
growth. The industry has supported these 
groups. It also has aided local governments, 
has adopted programs to reduce negative im- 


*Planning for oil shale impacts in Utah has not been as ex- 
tensive as in Colorado for a number of reasons. Most important 
is that mitigation funds from a major source (the State’s share 
of bonus and lease payments under the Mineral Leasing Act) 
have been held in escrow pending settlement of the ownership 
questions. 
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pacts, and has invested in housing and in the 
land for Battlement Mesa. The communities 
have been developing municipal facilities and 
services. New housing is being built, busi- 
nesses expanded, and health care extended. 
The State has appropriated more than $40 
million for over 75 projects, and the Federal 
Government has contributed technical assist- 
ance. These efforts have prepared the towns 
for a reasonable number of new residents. 


Will oil shale development cause com- 
munity disruption? 


Not enough is known about the causes of 
boomtowns to be able to predict the exact 
threshold beyond which oil shale develop- 
ment would lead to serious impacts. How- 
ever, establishing a 1-million-bbl/d industry 
by 1990 would exceed the capacity of all of 
the communities, and stressful living condi- 
tions would be inevitable. It is known that the 
possibility of disruption will be influenced by 
the location of the growth, by the total num- 
ber of newcomers, by the rapidity with which 
they arrive, and by the ability of the com- 
munities to prepare for the influx. Some 
towns in Wyoming have successfully accom- 
modated expanded coal development, while 
others that have experienced the same kinds 
of growth, and have had access to the same 
preventive programs, have suffered for long 
periods. The social and economic problems 
accompanying oil shale growth could be ag- 
gravated if development is concurrent with 
expansions in other industries. The region is 
already experiencing some rapid growth, 
particularly from coal mining. 


What role can industry play in dealing 
with the socioeconomic consequences 
of oil shale development? 


Industry has contributed financial and 
technical assistance to the growth manage- 
ment effort. The Mineral Leasing Act of 1920 
allows the affected States to share in the pro- 
ceeds from leasing programs; Colorado re- 
ceived nearly $74 million as its share of the 
bonus payments for Federal tracts C-a and 


Figure 8.—The Communities in the Colorado Oil Shale Region 
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Figure 9.—Projected Growth of Counties in Northwestern Colorado From Oil Shale Development, 1980-2000 
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C-b. From this fund has come the $40 million 
for community improvements in Colorado’s oil 
shale area. The lessees and other developers 
have contributed additional money and sup- 
port for planning efforts and other improve- 
ments. If more projects are initiated by leas- 
ing, more funds will become available. If, on 
the other hand, the new projects are on pri- 
vate land or on land-exchange parcels, devel- 
oper participation will be voluntary. 


It is in the developers’ best interest to par- 
ticipate. The benefits of such involvement are 
illustrated by the experience of the Missouri 
Basin Power Cooperative in installing a pow- 
erplant on the Laramie River in Wyoming. 
The developer invested $21 million in mitiga- 
tion efforts through grants and revenue guar- 
antees to towns, counties, and public agen- 
cies; by inkind services; with bond guaran- 
tees; and with other types of assistance. The 
company believes that it saved about $50 mil- 
lion in project costs by reducing employee 
turnover and avoiding construction delays. 
Furthermore, all but about $3 million of the 
initial outlay will be recovered. Ultimately, 
the amount spent for mitigation may be less 
than 1 percent of the total cost of the plant. 


What role can the Federal Government 
play? 

The region should be able to accommodate 
growth from the presently active projects, 
and no new Federal initiatives appear to be 
needed unless an industry larger than 
200,000 bbl/d is desired before 1990. Al- 
though some towns and counties have experi- 
enced problems in obtaining funds for specif- 
ic improvements, the existing growth man- 
agement mechanisms have been successful to 
date. They involve a cooperative effort among 
local citizens; municipal and county govern- 
ments; regional, State, and Federal agencies; 
the oil shale developers; and other energy in- 
dustries. These efforts must not be inter- 
rupted if the communities are to continue to 
be able to deal with their growth problems. 


Increased Federal involvement will be re- 
quired if production of over 200,000 bbli/d is 


attempted before 1990. In this case, a coordi- 
nated growth management strategy would be 
required to ensure that financing was avail- 
able for building houses, that public facilities 
and services could be provided, that basic 
needs could be met, and that a reasonably 
stable work force could be maintained for the 
industry. Many Federal, State, local, and pri- 
vate organizations, operating in many areas 
and at all levels, would have to be involved to 
cope with sustained, rapid growth. 


Policy Options 


The courts have affirmed that, under the 
National Environmental Policy Act of 1969, 
the Federal Government must examine the so- 
cial impacts of its major actions. The prob- 
lems accompanying recent expansion of ener- 
gy industries have led to a call for more Fed- 
eral involvement. The extent and nature of 
this involvement, however, are controversial. 
On the one side it is argued that socioeco- 
nomic changes are the inevitable results of in- 
dustrial development and are, at most, State 
and local problems. On the other side the 
position is taken that national energy re- 
quirements are the root causes of negative 
impacts and, for reasons of equity, active 
Federal participation in their amelioration is 
appropriate. Some examples of Federal as- 
sistance programs arising from the latter 
position are the Coastal Zone Management 
Act Amendments of 1976, which are directed 
at communities experiencing impacts from oil 
and gas development on the Outer Continen- 
tal Shelf, and the Powerplant and Industrial 
Fuel Use Act of 1978, which established the 
Impacted Area Development Assistance Pro- 
gram (the sec. 601 program) to aid areas af- 
fected by coal and uranium development. 


With respect to the socioeconomic prob- 
lems of oil shale development, there are three 
policy options available. These options could 
be considered in bills that deal with the ef- 
fects of all types of energy development; or 
they could be considered along with the im- 
pacts of similar energy forms (e.g., synthetic 
fuels); or they could be treated solely as the 
consequences of oil shale development. 


¢ Continuation of present policies.—Federal 


assistance could continue to emphasize 
technical and financial aid. Revenues 
channeled through established programs 
would be the major mechanism, but other 
programs not now designed to deal specifi- 
cally with impact mitigation could be re- 
directed to assist the communities. Con- 
gressional action would primarily involve 
continuing or increasing appropriations. 


Increased growth management involve- 
ment.—New emphasis could be given to in- 
creased regulation. For example, social 
and economic effects could be made cri- 
teria for selecting Federal tracts to be of- 
fered in leasing programs. Alternatively, 
mandatory participation of the lessees in 
mitigation efforts could be included in the 
lease terms. Greater Federal involvement 
in monitoring and in technical assistance is 
another possibility. Congressional action 
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could include amending existing laws, 
passing new legislation, or exercising over- 
sight powers. 


Extension of impact mitigation programs. 
—Existing programs could be expanded or 
new ones adopted. Amendments to extend 
the assistance provided by the Powerplant 
and Industrial Fuel Use Act of 1978 are 
currently under consideration by Con- 
gress.* Among their features are the au- 
thorization of grants, loans, loan guaran- 
tees, and payment of interest on loans. An 
expediting process for providing assist- 
ance through current Federal programs is 
proposed, as is an interagency council to 
coordinate Federal efforts. This assistance 
is directed to the effects of major energy 
developments, which could include oil 
shale. 


*S. 1699. 
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At the request of the Senate Energy and 
} Natural Resources Committee, OTA has 
i studied the history and status of efforts to de- 
| velop the oil shale resources in Colorado, 
| Utah, and Wyoming. The Committee’s request 
} called for a complete assessment of shale oil 
| recovery technology in general and of the cur- 
} rent Federal Prototype Oil Shale Leasing Pro- 
| gram in particular. 


tified, and some possible Government 
policies are discussed. 


e Chapter 6—‘‘Economic and Financial 
Considerations’’—deals with the costs of 
recovering shale oil and with the risks 
that inhibit oil shale projects. These 
risks include the absence of certainty 
about the capital cost estimates for com- 
mercial plants, the future of conven- 
tional oil prices and their impact on 
shale oil prospects, and the adequacy of 
U.S. equipment manufacturing and con- 
struction and design capacity for rapid 


| The remaining chapters of this volume deal 
| with the general context of oil shale develop- 
| ment. The following subjects are discussed. 


e Chapter 3—‘‘Constraints to Oil Shale 


Commercialization: Policy Options to Ad- 
dress These Constraints’’—describes 
some alternative objectives that might 
be pursued to control the growth of the 
industry. Four development scenarios 
are used as a framework for identifying 
the obstacles that might inhibit or pre- 
clude the establishment of industries of 
various sizes before 1990. (This analysis 


is based largely on information con- — 


tained in the subsequent chapters.) The 
congressional policies that might be di- 
rected to these obstacles are then dis- 
cussed. Given these obstacles and poli- 
cies, the relative degree to which each 
scenario would attain each objective for 
development is then described. 


Chapter 4—‘Background’’—describes 
the oil shale region, discusses the re- 
sources, outlines the processes for ex- 
tracting shale oil and other materials, 
and summarizes the history and status 
of development efforts in the United 
States and abroad. 


Chapter 5—‘‘Technologies’’—describes 
the mining and processing methods that 
could be employed to recover shale oil 
and to refine it to finished fuels. The ad- 
vantages and disadvantages of the vari- 
ous processes are presented and their 
status summarized. Research, develop- 
ment, and demonstration needs are iden- 


deployment of a large industry. The need 
for Government subsidies is evaluated. 
A number of financial incentives are ex- 
amined for their influence on the break- 
even price for syncrude from shale oil, 
the probability of project financial loss, 
and the net cost to the Government. No 
explicit attempt has been made to com- 
pare the economics of shale oil with that 
of other synthetic fuels nor with possibil- 
ities such as conservation or solar en- 
ergy. Such a comparison is outside the 
scope and mandate of the present study. 
The chapter assumes that the commer- 
cial prospects of shale oil will continue 
to be determined until the end of this 
century by its cost and price relationship 
with conventional oil. 


Chapter 7—*‘Resource Acquisition’’— 
discusses the characteristics of the oil 
shale lands that are owned by the Feder- 
al Government and by private parties. 
The possible need for involving addition- 
al Federal land is related to the level of 
shale oil production that is desired, and 
to the provision of other types of encour- 
agement, such as subsidies. The princi- 
pal mechanisms for providing such land 
—leasing and land exchange—are de- 
scribed and evaluated. 


Chapter 8—‘‘Environmental Considera- 
tions’’—discusses the implications of de- 
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velopment for the environment and for 
the workers. Separate discussions are 
provided for the potential effects on air 
quality, water quality, land characteris- 
tics, and the health and safety of the 
workers. In each case the legal frame- 
work governing the effects is described, 
the potential impacts of development are 
discussed, the proposed control technol- 
ogies are evaluated, and the areas of un- 
certainty are identified. A discussion is 
also included of the procedures that con- 
trol the issuance of environmental per- 
mits for oil shale projects. Possible gov- 
ernmental policy responses are dis- 
cussed for each area of concern. 


e Chapter 9—‘‘Water Availability’’— 
deals with the implications of oil shale 
development for the region’s scarce 
water supply. The water resources 
themselves are described, and the insti- 
tutional framework that governs their 
allocation is discussed. Water require- 
ments of conventional users are pro- 
jected to the year 2000 and compared 
with the physical resources to determine 
if surplus water might be available to 
support an oil shale industry. Mecha- 
nisms and policies for making additional 
water available are discussed. 


e Chapter 10—‘‘Socioeconomic Aspects”’ 
—deals with the effects of development 


on the small, rural communities that 
characterize the oil shale region. The 
population increases that might accom- 
pany development are estimated, and — 
the abilities of the communities to ac- 
commodate this growth are evaluated. 
The nature of the potential impacts is 
discussed and possible policy responses ~ 
are presented. 


Volume II presents a history of the current 
Federal Prototype Oil Shale Leasing Program, 
together with an analysis of a prior leasing 
attempt which, although unsuccessful, af- 
fected the character and conduct of the Pro- 
totype Program. The problems encountered in 
the Program since its inception are discussed, 
and the status of development on the lease 
tracts is described. The ability of the Pro- 
gram to achieve its original objectives is eval- 
uated. 


Each aspect of this assessment is based on 
recent publications, on contractor reports 
prepared for OTA, and on the independent in- 
vestigations of the project staff. The results 
are current as of February 1980. It is impor- 
tant to note that the oil shale situation is in a 
state of flux and that new developments may 
significantly alter the status and outlook of 
the industry and affect the accuracy of any 
conclusions presented herein. 
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CHAPTER 3 


Constraints to Oil Shale Commercialization: 
Policy Options to Address These Constraints 


Introduction 


This chapter describes the requirements 
for establishing an oil shale industry by 1990, 
discusses potential constraints to its estab- 
lishment, and presents policy options to ad- 
dress them. The effects of oil shale develop- 
ment on the physical, social, and economic 
environments are discussed in this chapter 
only to the extent that they are obstructions 
to development. Not all of these effects hinder 
development, and those not judged to be bar- 
riers are not included here. For instance, fill- 
ing a canyon with spent shale constitutes an 
irrevocable alteration to the locale’s appear- 
ance; but does not, by itself, bar development. 


The many important issues not identified 
as constraints are summarized in chapter 1 
and dealt with at length in the subsequent 
chapters. Comprehensive analyses are pre- 


sented of the economics of oil shale develop- 


ment (ch. 6), and of the effects production 
could have on the air, land, water, worker 
health and safety (ch. 8), on regional water 
availability (ch. 9), and on the social and 
economic structure of the region’s commu- 
nities (ch. 10). As the next section explains, 


these considerations all bear on decisions 
about the future of oil shale, even though they 
may not be discussed here as barriers to its 
development. 


This chapter is organized as follows: 


e Alternative objectives for development 
are identified. To provide a framework 
for analysis, production scenarios are 
presented that might result from pursu- 
ing different combinations of these ob- 
jectives. 

e The requirements for investment capi- 
tal, water, labor, and a favorable combi- 
nation of marketability and land avail- 
ability are summarized for the produc- 
tion targets of the scenarios. 

e The constraints to achieving the targets 
are identified. 

e Some policies for dealing with the con- 
straints are discussed. 

e Given the requirements, constraints, 
and policies, the scenarios are evaluated 
with respect to the relative degree they 
could attain each of the objectives for 
development. 


Approaches to Development 


Possible Objectives 


Whether, how, and to what extent an oil 
shale industry should be developed will ulti- 
mately be a political decision. The past ef- 
forts of diverse groups—Government agen- 
cies, private firms, public-interest advocates, 
and environmental conservationists—to in- 
fluence public policy on behalf of their goals 
will undoubtedly continue. These interests 
have different perceptions about the relative 
importance of certain basic values. The pref- 


erences they show for particular types and 
rates of development reflect these differ- 
ences. Some of the varied, and often compet- 
ing, objectives for development are discussed 
below. 


To position the industry for rapid deploy- 
ment.—The supporters of this objective ac- 
knowledge that more information is needed 
about oil shale technologies if production is to 
be expanded rapidly in times of national 
need. Many techniques and sites would be re- 
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quired to answer most of the remaining ques- 
tions about the technical, economic, and envi- 
ronmental implications of full-scale devel- 
opment. Demonstration plants to allow the 
evaluation of a full spectrum of technologies 
would be needed. Incentives and additional 
Federal land might be made available to en- 
courage private sector experiments. All pro- 
grams would be designed to maximize infor- 
mation generation. Growing international 
tensions, with the consequent potential for se- 
vere disruptions in oil supplies, provide a ra- 
tionale for this objective. 


To maximize domestic energy supplies.— 
This objective emphasizes the rapid develop- 
ment of a large industry, and has both eco- 
nomic and national security implications. The 
benefits include reduced reliance on oil im- 
ports, improved balance of payments, stimu- 
lation of private capital investment, in- 
creased employment, and lower energy costs 
over the long term. Policies supporting this 
objective emphasize the encouragement of 
the oil shale industry and the removal of re- 
straints on its establishment. Among these 
policies might be additional Federal leasing, 
substantial economic incentives, waiving of 
environmental laws, and direct Government 
involvement in the production of shale oil. 


To minimize Federal promotion.—This ob- 
jective is supported by those who oppose Gov- 
ernment involvement in the free market and 
with private enterprise. Other supporters 
stress that oil shale should not be promoted at 
the expense of other energy sources. In both 
cases, the advocates believe the industry 
should develop in response to traditional mar- 
ket pressures and opportunities and without 
the active financial participation or support 
of the Government. Policies that relate to this 
objective emphasize R&D, with particular at- 
tention to technological and environmental 
uncertainties; this would provide a basis for 
comparing oil shale with other energy alter- 
natives and for developing regulations. Plan- 
ning for future programs to mobilize the in- 
dustry would be carried out; programs such 
as leasing, land exchanges, and financial in- 
centives would not. 


To maximize ultimate environmental infor- 
mation and protection.—The desirability of 
maintaining the existing environmental qual- 
ity of the oil shale region and its environs is 
emphasized by the supporters of this objec- 
tive. They also believe that oil shale should 
not be promoted more than other potential en- 
ergy sources that could be less harmful to the 
environment. They would prefer that devel- 
opment proceed slowly, if at all, until its po- 
tential impacts have been determined and 
control strategies designed and thoroughly 
tested. The policies in this case would empha- 
size the enforcement of existing environmen- 
tal regulations, the siting of any new plants to 
minimize their impacts, continued monitoring 
and R&D to provide information for the pro- 
mulgation of new regulations, and public edu- 
cation and participation in decisions. 


To maximize the integrity of the social en- 
vironment.—This objective emphasizes per- 
sonal and community needs. Its supporters 
would prefer to see a slow but steady devel- 
opmental pace in order to avoid the poten- 
tially disruptive effects of too-rapid growth. 
Well-planned and coordinated growth man- 
agement is essential to meet this objective. 
Policies would stress ihe involvement of local 
residents in the growth management process, 
efforts to avoid exceeding the growth capaci- 
ties of the communities, the funding of needed 
community improvements, and the allocation 
of responsibilities for both growth manage- 
ment and impact mitigation among the oil 
shale developers, and the local, State, and 
Federal governments. 


To achieve an efficient and cost-effective 
energy supply system.—Supporters of this 
objective emphasize the importance of pro- 
viding a mix of energy alternatives with the 
best overall ratio of costs to benefits. They 
stress the need to position the industry and its 
technologies for long-term profitable opera- 
tions. Future expansions could then be sup- 
ported with internally generated financing. 
The related objectives of efficient develop- 
ment of the resource and balanced environ- 
mental and social protection are also empha- 


Ch. 3—Constraints to Oil Shale Commercialization: Policy Options to Address These Constraints ¢ 57 


sized. The proposed pace of development 
would allow thorough evaluation of the tech- 
nologies so that the elements of production 
(land, labor, capital, water, energy, and in- 
cremental environmental changes) could be 
used most efficiently if a large-scale industry 
were created. Policies would give attention to 
incentives that left intact a degree of mana- 
gerial risk, to thorough testing of diverse 
technologies and sites, and to advanced R&D 
that would provide a basis for comparing oil 
shale with its alternatives. These policies 
would not require a commitment of funds and 
resources to the exclusion of other potential 
energy sources. 


Possible Futures 


The Government, in preparing its policies 
for oil shale development, is bound to consid- 
er and weigh along with others, all of the ob- 
jectives discussed above. For example, the 
Government is responsible for protecting the 
Nation from external threats of interruptions 
in the supply of essential raw materials like 
petroleum. This responsibility, when coupled 
with the Government’s ownership of the rich- 
est oil shale deposits, would tend to encour- 
age the rapid development of public lands. On 


the other hand, the public trust requires that 
these resources be developed with good man- 
agement practices, with minimum waste and 
inefficiency, and with equitable treatment of 
the affected groups and regions. This man- 
date would lead to a moderate pace of devel- 
opment. Furthermore, the Government is re- 
quired by its own laws to protect the environ- 
ment of the oil shale region and to consider 
the socioeconomic consequences of each of 
its major actions. These mandates would lead 
to slow, carefully managed development. 


Depending. on the emphasis given to the 
various development objectives, a number of 
future industries could be postulated, from 
none at all, to the production of several 
million barrels of shale oil per day. Four 
scenarios, based largely on shale oil produc- 
tion targets for 1990, will be considered as a 
framework for evaluating the requirements, 
the effects, and the policy implications of de- 
velopment. These are: 


Production target of 


Scenario shale oil (bbI/d) 
Ae, hae Serene tes or 100,000 
Mats ns ish OER, 200,000 
o Hace netteulcnAraertuaiceait 0 400,000 
AN taper ure alors taps 1,000,000 


Requirements for Development 


In order to proceed, each project will need: 


e land, 

water, 

adequate mining and processing technol- 
ogies, 

access to markets, 

a favorable economic outlook, 
investment capital, 

compliance with environmental regula- 
tions, 

design and construction services, 
equipment and construction materials, 
construction and operating labor, and 
housing and community services. 


The requirements of the scenarios for design 
and construction services, equipment, capi- 
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tal, water, and labor are shown in table 7. 
Also shown are the numbers of new residents 
who will have to be accommodated by the re- 
gion’s communities. Water requirements in- 
crease directly with the level of production 
because the amount each plant will need is 
independent of the others. Ranges are given 
because different technologies having differ- 
ent water requirements could be used. Be- 
cause of the assumptions made about the 
phasing of construction, the labor require- 
ments do not always increase directly with 
the level of production. In addition, whereas 
scenario 4 produces 2.5 times more oil than 
scenario 3, it requires from 2.5 to 4 times 
more capital. This cost escalation is attribu- 
table to the large demands for labor, materi- 
als, and equipment for 1 million bbl/d. 
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Table 7.—Requirements for the Production Scenarios 


Requirements 


Resource Scenario 1 Scenario 2 Scenario 3 Scenario 4 

Institutional 

Design and construction services, % of 1978 U.S. capacity needed each year Minimal Minimal 12 35 

Plant equipment, % of 1978 U.S. capacity neededeach year ........... Minimal Minimal 6-12 15-30 

Economic and financial@ 

Loans,»$ billioniacyra Geni. cael, ene Ae ee a) © $0.9-1.35 $1.8-2.6 $ 3.6-4.2 $ 9.0-13.5 

Couityss DiNGn. fa" a. oct.) ick ite a tmene Coane ne ee Oslie Bao) 4.2-5.9 8.4-9.8 21..0-3425 
Total, sb DIN ON Bos ont cor een a fee 3.0-4,.5 6.0-8.5 12.0-14.0 30.0-45.0 

Antitial > OINQHE tae. sae etaee tet aa | ok ae nee ee 0.6-0.9 (eAE Alt 2.4-2.8 6.0-9.0 

Water availability 

Water? aere-il/yt® 210 1, Pele Site) «ot ase ee ee 9,800-24,600  19,600-49,200  39,200-98,400 100,000-250,000 

Socioeconomic4 

WOT GEST Te geo 6 ink vi See Red a cde CPE Oe RN 5,600 8,800-11,200  17,600-22,400  44,000-56,000 

New residents requiring housing and community services ............. 23,000 41,200-47,200  82,000-95,000 118,000-236,000 


4Third-quarter 1979 dollars. 
Maximum annual requirements for a 5-year construction period. 
assumes 4,900-12,300 acre-ft/yr for production of 50,000 bbi/d of shale oil syncrude. 


Assumes 1,200 construction workers and 1,600 operators per 50,000-bbi/d plant. Multipliers used for total increase = 2.5 x (construction workers) + 5.5 x (operators). Ranges reflect adjustments in 


construction work forces assuming phasing of plant construction. 
SOURCE: Office of Technology Assessment. 


All projects share certain critical require- 
ments that do not appear in the table. First, 
permits will have to be obtained. Their num- 
ber and nature will depend on the project’s 
location, on the technologies used, and on 
whether the site is privately owned or is con- 
trolled by either the Federal Government or a 
State. In order to obtain the necessary per- 
mits, the firm will have to demonstrate its 
ability to comply with the regulations pro- 
mulgated under the Clean Air Act, the Clean 
Water Act, the Resource Conservation and 
Recovery Act, and other laws. Second, each 
developer must have a transportation system 
to move the products and byproducts to mar- 
kets. Third, a project must be economically 
feasible. That is, market conditions must ap- 
pear favorable based on reliable cost esti- 
mates, contractor services and equipment 
must be available at reasonable costs, com- 
pliance with existing and future regulations 
must be possible, and the permitting process 
must not unduly delay a facility’s construc- 
tion and operation. Finally, the developer 
must have land—either public, private, or a 
combination of both. 


The interrelationship between the require- 
ments for land, marketability, and a condu- 
cive regulatory environment can be illus- 
trated by considering how some projects 


might be combined to achieve the production 
goals of the scenarios. The locations of tracts 
on which projects could be sited are shown in 
figure 10. The ownership of the tracts and the 
status of their development are shown in 
table 8. Many other tracts exist that could be 
developed, thus the list of possible sites in 
table 8 is far from complete. It does not in- 
clude any tracts in Wyoming, for example, 
because no large-scale projects have been 
proposed for that State. The only State- 
owned land shown is the tract leased for the 
Sand Wash project. Utah has additional land 
that could be leased. Also, the federally 
owned tracts shown total only about 160,000 
acres—roughly 3 percent of the public’s oil 
shale land in Colorado and Utah. 


In table 9, potential projects on these 
tracts are combined in alternative ways to 
reach the production targets of the scenarios. 
The projects are assigned to four categories: 
active projects, suspended projects, projects 
needing additional Federal land, and projects 
on other private tracts. Three alternatives 
are shown for scenarios 1 and 2. The first 
alternative represents the completion and 
possible extension of presently active proj- 
ects. In the second, it is assumed that two 
presently active projects are canceled, leav- 
ing a production shortfall. This is eliminated 
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Figure 10.—Some Present and Potential Oil Shale Development Sites in Colorado and Utah 


4 Rangely 


PICEANCE 
BASIN 


Piceance 


UINTA BASIN 


Rifle @ 


Colorado 


River 
10 miles 


UTAH | COLORADO 


LEGEND 


. Geokinetics (Geokinetics TIS) . EXXON (Love Ranch) . Cities Service 

NOSR 2 . Multi Mineral (Integrated MIS) . ARCO 

Texaco . Tract C-b (Cathedral Bluffs) . Occidental (Logan Wash) 
. Tosco (Sand Wash) . EXXON (Willow Creek) . Chevron 

Tracts U-a & U-b (White River) . Mobil/ARCO/Equity (Equity TIS) . Union 

SOHIO/Cleveland Cliffs . Chevron . Colony (Colony project) 
. Mobil/Equity . Texaco . Union (Long Ridge) 

. Tract C-a (Rio Blanco) . Getty . Mobil 

. Superior (Superior project) . SOHIO/Cleveland Cliffs . NOSR 1&3 


CONOAAYONS 


Se Edge of the oil shale deposits; SZ Streams; @ Towns 


SOURCE: Office of Technology Assessment. 


by the reactivation of presently suspended 
projects in response to substantial improve- 
ments in the economic and regulatory cli- 
mate. In the third alternative, the shortfall is 
eliminated by the commitment of additional 
Federal land. Only two alternatives are 
shown for scenarios 3 and 4. The first incor- 
porates the completion and extension of pres- 
ent projects and the development of new proj- 
ects on private land, in response to favorable 
economic and regulatory conditions. The sec- 
ond alternative assumes that less favorable 
conditions exist, but that Federal land is 
made available. 


In structuring the alternatives it has been 
postulated that the more advanced projects 


will respond to improved conditions before 
the less advanced. However, it should be un- 
derstood that the industry patterns shown 
are in part arbitrary, and probably extreme 
in some cases. For example, the scenario 4 
alternatives require either new projects on 
private land or new Federal tracts. In reality, 
an industry created under this scenario 
would more likely involve both types of land. 
Also, the combinations of projects shown are 
only illustrative; they do not represent the 
recommendations of specific developers, 
technologies, projects, sites, or policies. 
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Table 8.—Some Potential Oil Shale Development Sites in Colorado and Utah 


Announced 

Site Location Ownership Developer Project title Status production target® 

1 Utah State Geokinetics Geokinetics TIS | Small-scale field tests underway of TIS method. At least 2,000 bbl/d 

2 Utah Federalé Navy/DOE NOSR 2 No development. None 

3 Utah Private Texaco None No development. None 

4 Utah State Tosco Sand Wash Baseline monitoring and mine planning 50,000 bbi/d 

underway. 
5 Utah Federal® — Phillips/ Sundeco/SOHIO White River Suspended pending resolution of land- 100,000 bbi/d 


(tracts U-a & U-b) 
SOHIO/Cleveland Cliffs None 
Mobil/Equity None 


Utah Private 
Colorado Private 


6 
il 
8 Colorado Federal° Standard of Indiana/Gulf (tract C-a) Rio Blanco 
9 


Colorado Private Superior Oil Superior 
10 Colorado Federal EXXON 
11 Colorado Federal Multi Mineral 


12 Colorado Federal® Occidental/Tenneco (tract C-b) 


13 Colorado Federal EXXON Willow Creek 
14 Colorado Private Mobil/ARCO/Equity BX 

15 Colorado Private Chevron None 

16 Colorado Private Texaco None 

17 Colorado Private Getty None 

18 Colorado Private SOHIO/Cleveland Cliffs None 

19 Colorado Private Cities Service None 

20 Colorado Private ARCO None 

21 Colorado Private Occidental Logan Wash 
22 Colorado Private Chevron None 

23 Colorado Private Union None 

24 Colorado Private Colony Development Colony 

25 Colorado Private Union Long Ridge 
26 Colorado Private Mobil None 

27 Colorado Federalé Navy/DOE NOSR1&3 


Naval Oil Shale Reserve. 
DBased on developers preliminary plans. 
°Leased under the Federal Prototype Oil Shale Leasing Program. 


SOURCE: Office of Technology Assessment. 


Love Ranch 
Integrated MIS 
Cathedral Bluffs 


ownership issue. 
No development. None 
No development. None 
Preparing for MIS retort demonstration. 76,000 bbl/d 
Suspended pending approval of land exchange 11,500 bbl/d 

proposal. 
Proposal submitted for land exchange. 60,000 bbi/d 
Negotiations begun for use of USBM mine shaft.50,000 bbl/d 
Preparing for MIS retort demonstration. 57,000 bbi/d 
Proposal submitted for land exchange. None 
Small-scale field tests underway of Equity’s None 

TIS method. 


No development. None 
No development. None 
No development. None 
No development. None 
No development. None 
No development. None 


Small-scale field tests of Oxy’s MIS technique. Few hundred bbli/d 
Results will support Cathedral Bluffs project. 

No development. None 

No development. None 

Suspended because of economic and 46,000 bbi/d 
regulatory uncertainty. 

Suspended because of economic and 75,000-150,000 
regulatory uncertainty. bbl/d 

No development. None 

Development management plan being prepared. None 


Constraints to Development 


The factors that will hinder or even pre- 
vent reaching the production goals of the 
OTA scenarios are shown in table 10. They 
were identified by analyzing the scenario re- 
quirements, given the present state of knowl- 
edge and the current regulatory structure. 
Constraints judged to be ‘‘moderate’’ will 
hamper, but not necessarily preclude, devel- 
opment; those judged to be ‘“‘critical’’ could 
become major barriers. When it was incon- 
clusive whether or to what extent certain fac- 
tors would impede development, they were 
called ‘‘possible’’ constraints. Only those that 


could be addressed by Federal action are 
shown. 

Each potential constraint is important by 
itself, but the combined effect that more than 
one might have on a scenario’s realization 
should also be considered. Thus, a moderate 
restriction on the availability of land together 
with one on permitting could preclude inves- 
tor participation. Similarly, an inadequate 
community water supply for the workers and 
their families coupled with a moderate re- 
striction on the availability of water for a 
project could become a critical constraint. 
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Table 9.—Some Production Alternatives for the Scenarios (barrels of shale oil per day) 


Scenario 1: Scenario 2: Scenario 3: Scenario 4: 
alternatives alternatives alternatives alternatives 
Possible projects 1-A 1-B 1-C 2-A 2-B 2-C 3-A 3-B 4-A 4-B 
Active projects 
UME IANCON ieee s s Gl. Ahad bk RES on: 76,000 — - 76,000 _- = 76,000 150,0008 76,000 150,0008 
aednall BIUTIS 2... mm ««.ueol ses 57,000 57,000 57,000 5/0008 572000 857000 57,000 57,000 57,000 100,000 
Bane WaSies ct ek es ewe ee 50,000 — — 50,000 — — 50,000 — 50,000 50,000 
EUINE TICS Ie fn) fetta «Lee 2,000 2,000 2,000 2,000 2,000 2,000 
recs due ate rs oe 7 On OOO 21,000 — °°) 29.000 40,000 
Suspended projects 
mranilong Ridge... . 4 ....55-5- ~ — ~ — 150,000 - 150,000 150,000 
oy RD ae Hie 000. = Rs 000m Oty 46,000 — 46.000 46.000 
“TIRES Ee Ce ae - - - — —_ _ — — 100,000 100,000 
Projects needing more Federal land 
SLICERS ot Rea pattie. — = e500 _ _ 11,500 = 11,500 — 11,500 
EIMINeT alas Ace cs wae Pte ek — — _ — 50,000 _ 50,000 - 50,000 
ExXONiLove:Ranch.. 2! 2.0.0. 22. — — — — 60,000 = 60,000 — 60,000 
EXXON Willow Creek............ — — _ = = = 
ae Br Rese ie 8: bit = yf ER m e 2 
Bee Var re At os u A BT ROA al ie el eh ic ie adic g GREY 
NNeWleaseltracts ..... 0.2.0.0... — — = a a FF 
Other private tracts............. = == = = = = = = 501,000 = 
IO TAIRPGAE <n F aR pete eels oe os 185,000 100,000 100,000 200,000 200,000 200,000 400,000 400,000 1,000,000 1,000,000 


4Possibly involving open pit mining and offtract waste disposal. 
SOURCE: Office of Technology Assessment. 


Table 10.—Constraints to Implementing Four Production Targets 


1990 production target, bbl/d 


100,000 200,000 400,000 1 million 
Possible deterring factors Severity of impediment 
Technological 
RECHT ICATGACINECSSMAMNR ING, etrete sem s Bronte eas snl. eR ese P ohare: kates None None None Critical 
Economic and financial 
Ee aaity.OMorvatercapitall fae eked. fines. be Adee hI lc. oo nes None None None Moderate 
mearketapiliivio, the: Shale-Oileyeveae Sel eew hice eso tgupgeie ce. Possible Possible Possible Possible 
RESO MATIC AUON MM wwe ei ccst lt quip nyt abe cgeds iad we als a None Possible Possible Possible 
Institutional 
HET LOTTI? GLALEVAIGS: Sob es UENG aera sae er ee eee eae None None Possible Critical 
SEAIMIACNDYOCCULNGS yan neers. hat, SN MAL Girt OR ae ss chase we None None Possible Critical 
POR OINCHIECADACltyMume: 4s pi Men my. ie ES. oc PAR eh beka se wins bes « None None None Critical 
Res ue CONSEUCIONMSElVICOS wane. baiaes sivcechdts oo stan rqueteer sack oie « None None Moderate Critical 
Borate VAN ADI ITY wate alae Win Gata ee svrieuet cag s. Gree eee ode do None None Moderate Critical 
Environmental a 
Compliance with environmental regulations.....................0.. None None Possible Critical 
Water availability 
Evananiityof surplus surface water... 0.0 6. boc ee eee ee ee None None None Possible 
Pupdtiacyiof existing: SupplyisySteMS. ...a.0. ata. gee ose de wc s None None Critical Critical 
Socioeconomic A 
Adequacy of community facilities andservices .................00-. None Moderate Moderate Critical 


SOURCE: Office of Technology Assessment. 
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Technological 


Technological readiness will not hinder the 
first three scenarios because the relatively 
slow pace of their development will allow nor- 
mal scaleup practices to be followed. Sce- 
nario 4 presents a different case. To achieve 
its goals, the construction of almost all plants 
will have to be started before 1984, which 
does not allow sufficient time either to under- 
take much preliminary experimentation, or to 
gain experience by modular demonstration or 
by the operation of pioneer facilities. In addi- 
tion, the necessity to standardize the plant 
designs could have a number of unfortunate 
consequences. Among these could be that er- 
roneous equipment specifications and other 
design flaws would be duplicated, and plant 
components would be unreliable and short- 
lived. Unanticipated environmental problems 
caused by the failure of pollution control sys- 
tems could delay the projects, increase their 
costs, and have severe ecological conse- 
quences. Unreliability and less than optimum 
performance could prevent some plants from 
ever operating at their design capacity. 


Economic and Financial 


For a project to be economically viable and 
attract investors, it needs to have a favorable 
combination of market conditions, of con- 
struction and operating costs, and of re- 
sources such as land, water, and workers. 
The necessary permits must also be readily 
obtainable. Tradeoffs are possible. Thus, if 
adequate resources are available, and per- 
mits obtainable without undue expenditure of 
time and money, then somewhat less favor- 
able market conditions might be acceptable. 


Until late in 1979, it was assumed that siz- 
able subsidies would be needed to offset unfa- 
vorable market conditions. However, in Janu- 
ary 1980, developers estimated that they 
could profitably market shale oil syncrude at 
$35 to $40/bbl.* The present selling price for 
similar high-quality crudes is within this 

*Whether shale oil requires subsidy for profitable marketing 


depends in part on the discount rate developers are assumed to 
require in order to proceed. See table 12. 


range (e.g., Wyoming Sweet sold in January of 
1980 for a posted price of around $35/bbl). 
The “‘spot’’ or noncontract prices for these 
crudes are considerably higher ($40 to $52/ 
bbl). Industry sources and petroleum econo- 
mists expect the world price of crude to con- 
tinue advancing in the future. Consequently, 
in a narrow economic sense shale oil appears 
to have reached parity with conventional 
crude. 


The situation calls into question the need 
for financial incentives for the oil shale in- 
dustry. This assumes, however, that market 
conditions continue to improve, and that insti- 
tutional barriers (e.g., regulations, permitting 
requirements, and land availability) do not 
preclude development. Such could be the 
case if the developers responded to normal 
market pressures and opportunities. If, how- 
ever, high levels of production must be 
achieved within a relatively short time, then 
Government support will probably be re- 
quired to reduce the remaining risks associ- 
ated with oil shale development. The most im- 
portant of these risks are: 


e Present capital and operating cost esti- 
mates for oil shale plants could substan- 
tially underestimate actual costs. No 
commercial facility has ever been built, 
and most of the existing engineering de- 
sign estimates are preliminary. Esti- 
mates for the costs of building plants 
have consistently increased much faster 
than the rate of general inflation. 

e Uncertainties in the regulatory or per- 
mitting process, or changes in the reg- 
ulations after a plant was built, could 
jeopardize a project’s economics or even 
preclude its development. 

e Future petroleum prices might not allow 
shale oil to be profitably marketed once 
the plants were built. Since developers 
do not know precisely what their produc- 
tion or construction costs will be, the 
uncertainty of future prices for shale 
oil’s primary competitor is a crucial risk. 


Investor participation is not considered to 
be a problem for scenario 1, and the financial 
community will be able to supply the neces- 
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sary capital for scenarios 1, 2, and 3. The 
financial requirements of scenario 4 will 
strain the Nation’s resources of investment 
capital only slightly or moderately. However, 
it is questionable whether investors would be 
willing to risk participating in scenarios 2, 3, 
and 4 because of such factors as the uncer- 
tainties in world oil prices, the existence of 
institutional barriers, and the doubtful future 
of Government policies. ‘‘Possible’’ obstacles 
are shown for these scenarios. 


institutional 
Land 


The availability of land is not expected to 
be a problem with scenarios 1 and 2 because 
potential developers already have access to 
sufficient private and public lands to achieve 
the relatively modest production goals. It 
could, however, cause some problems for sce- 
nario 3, particularly if multimineral recovery 
or open pit mining were to be tested. It will be 
a critical obstacle for scenario 4. The produc- 
tion target (1 million bbl/d) will require about 
15 to 20 plants each on a tract of approxi- 
mately 5,000 acres, or a smaller number of 
larger operations, probably including some 
open pit mines. It is doubtful that private 
holdings are either large enough or contain 
enough rich oil shale to support this many 
projects by 1990. 


Permitting Procedures 


As a production target increases in size, so 
will the number of permits that must be ob- 
tained from the many different Government 
agencies. If many projects are involved, these 
agencies are likely to be overwhelmed by the 
sheer number of applications that must be re- 
viewed, revised, and approved. The evalua- 
tion process could become more lengthy and 
complicated, which would increase the risk of 
delays in project schedules. Financial losses 
to the developers would be the outcome. Al- 
ternatively, if the agencies bypassed certain 
review steps in order to expedite the permit- 


ting process, design problems could slip by 
that would subsequently need to be cor- 
rected, introducing additional delays; or, if 
not caught, would result in environmental 
damage. Regulatory changes during the de- 
velopment of the projects could mandate un- 
anticipated, and possibly uneconomical, proc- 
ess modifications that could have more easily 
been made during the design phase. These 
factors are likely to discourage some devel- 
opers in scenario 3; they would severely im- 
pede reaching the targets of scenario 4. 


Pipelines 


Under the first three scenarios, the exist- 
ing system of major pipelines should be ade- 
quate to convey the shale oil to nearby mar- 
kets as well as to more distant ones in the 
Rocky Mountain region. Only relatively small 
pipeline spurs, plus some truck and rail 
transport, will be needed to supplement the 
system. The system will not be adequate for 
scenario 4, and new pipelines will be needed 
to provide access to markets in the Midwest. 


Design and Construction Services 


Only about 20 architectural, engineering, 
and design firms in the United States have the 
capacity to design and build an oil shale fa- 
cility. The projects that would be needed for 
scenario 3 would require about 12 percent of 
their capacity; those in scenario 4 about 35 
percent. If other industrial expansion com- 
petes for their services, the availability of 
these firms could delay the attainment of both 
scenarios. Contracting with foreign firms 
could be a short-term solution. In the longer 
term, as domestic firms expanded and small- 
er companies merged, the necessary array of 
technical expertise would become available. 
If the projects were to be completed before 
the 1990 deadline, however, these adjust- 
ments would have to take place in the early 
1980’s, which may not be possible. In any 
case, the demand for design and construction 
services would escalate project costs, espe- 
cially in scenario 4. 
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Equipment 


Scenario 3 will require between 6 and 12 
percent of the U.S. production of valves, com- 
pressors, heat exchangers, pressure vessels, 
and other industrial equipment. If there were 
shortages, scenario 4, which will need 15 to 
30 percent, could be severely hampered by 
project delays and cost escalations. Deficien- 
cies in equipment supplies and design and 
construction services could escalate project 
costs by as much as 50 percent.* 


Environmental 


Although harm to the air, water, and land 
would certainly increase as the industry ex- 
panded, existing regulations for water quali- 
ty, land use, and worker health and safety do 
not appear, at present, to be obstacles under 
any of the scenarios. This observation is 
based only on the results of laboratory tests, 
engineering design studies, and experience 
with small-scale plants. Therefore, it is not 
possible to accurately evaluate large-scale 
operations with respect to the efficacies of 
their control systems, the characteristics of 
their ultimate emissions streams, the conse- 
quences of the scaleup necessary to build 
them, and thus their effects on the environ- 
ment. It is not known whether the industry 
will be able to meet, in the future, permitting 
standards and regulations for environmental 
protection. 


The same types of uncertainties also apply 
to air quality. Recent studies, however, indi- 
cate that even when the best available con- 
trol technologies are used, production capac- 
ity will be limited by the standards for pre- 
vention of significant deterioration (PSD). 
These were promulgated under the Glean Air 
Act, and specify the maximum allowable in- 
creases in the ambient concentrations of sul- 
fur dioxide and particulates for any area. 


The oil shale region has been designated as 
a Class II area, i.e., some additional air pollu- 
tion and moderate industrial growth are al- 


*Such increases occurred in process plant construction dur- 
ing the period from 1973 to 1975. See ch. 6. 


lowed. There are also Class I areas nearby, 
where the air quality must be kept virtually 
unchanged. These could be affected by oil 
shale operations. One of these, the Flat Tops 
Wilderness, is less than 40 miles from the 
edge of the Piceance basin, and about 95 
miles from the eastern edge of the Uinta 
basin. A preliminary regional modeling study 
undertaken by the Environmental Protection 
Agency (EPA) has indicated that by carefully 
siting the plants in the Piceance basin, an in- 
dustry of up to 400,000 bbl/d could probably 
be controlled to satisfy the PSD standards for 
Flat Tops. The standards might hinder sce- 
nario 3 if all the capacity were concentrated 
in the eastern Piceance basin, but this is 
unlikely. It is more probable that some proj- 
ects will be sited in the Uinta basin. Thus the 
scenario’s goal could probably be achieved. 
Under scenario 4, air quality deterioration 
would be sufficiently large that compliance 
would not be possible because at least half of 
the capacity (500,000 bbl/d) would be located 
in the Piceance basin. 


Water Resources 


The availability of surplus surface water 
for large-scale oil shale development depends 
on the rate of regional growth holding to the 
medium levels anticipated by the States, and 
the long-term average flow of the Colorado 
River remaining at or very near the levels 
that have obtained since 1930. If there are 
higher rates of regional growth, or if the 
river's flows decrease by a few percent, pro- 
duction could be limited to about 500,000 
bbl/d unless water were diverted from other 
users. Shortages of surface water, which 
could hinder scenario 4, could be offset by de- 
veloping ground water, by purchasing sur- 
face water from other users, or by importing 
water from other areas. However, these 
strategies could encounter institutional ob- 
stacles. For example, importation of water is 
presently banned by Federal statutes, and 
ground water could be developed only if the 
rights of surface water users were protected. 


All of the scenarios will require additional 
reservoirs to assure year-round water sup- 
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plies. In many cases, these will be small and 
located at the plantsites. However, a large in- 
dustry will need new reservoirs if the proj- 
ects, and all other users, are to have ade- 
quate water supplies. The existing reservoirs 
will not be adequate for scenarios 3 and 4, 
and new storage will have to be built in the 
basins of the White River and the Colorado 
River mainstem. Reservoir siting could be re- 
stricted on some streams by their designation 
as wild and scenic rivers, or by the presence 
of rare and endangered species. 


All of the scenarios will require diversion 
projects to carry water from the streams and 
reservoirs to the oil shale plants. Their con- 
struction would also come under environmen- 
tal laws. 


Socioeconomic 


Social and economic obstacles will arise if 
the communities are unable to adapt to the 
growth caused by shale development. These 
obstacles have two aspects. The first relates 
to the physical ability of the towns to provide 
adequate housing, facilities, and services. 
The second involves the effects of local living 
conditions on workers and other residents. 
Even when physical facilities are adequate, 
the way of life can be unpleasant. In some 
Western and Great Plains communities 
where large and rapid growth has accompa- 
nied energy industry construction, living con- 
ditions have become so intolerable that work- 
ers and their families have simply left. The 
consequences for the projects of this labor 
turnover were construction delays, cost over- 
runs, and poor workmanship. 


Communities in the oil shale region are pre- 
paring for additional growth. In Colorado, for 
example, the State government, and the oil 
shale counties and municipalities—with the 
support and cooperation of industry—have 
been preparing for increased development 
for nearly 10 years. Consequently, the region 
is awaiting expanded oil shale development, 
and is prepared to absorb a moderate num- 
ber of new residents. Assuming there are no 
breakdowns from boomtown stresses, and 


that presently planned facilities (such as the 
new town of Battlement Mesa) can be built, 
the region could accommodate up to 35,000 
people between 1985 and 1990. (See table 
11.) More could be incorporated if prepara- 
tions were begun at once. The established - 
communities could expand and new towns 
could be constructed, provided that financing 
were available, regulatory actions could be 
taken in a timely fashion, and the political 
and administrative atmosphere were favor- 
able. However, if community and individual 
stress became too great and social institu- 
tions faltered, not even the total of 35,000 
residents could be absorbed without disrup- 
tion. 


Although some social stress can be antici- 
pated, the area should be able to deal with 
the growth associated with scenario 1. Sce- 
nario 2 could probably be accommodated if 
project construction were phased, and if 
some projects were developed in Utah. Se- 
vere problems would accompany the growth 
expected for scenario 3, and the growth for 
scenario 4 would greatly exceed the capaci- 


Table 11.—Actual and Projected Population and Estimated 
Capacity of Oil Shale Communities in Colorado 


Population 
1977 1980 1985-90 
Location@ census® projected® capacity? 
Garfield County 
Rileteetiee wer ware cuca nc 2,244 4,362 10,000 
Silene aera: ite ee ees 859 digealnt 2,800 
NEWEGASTICON: ite Se ERR: 543 831 1,000 
GrandWialleVeiee Pee meee oem OG 589 3,000 
Battlement Mesa® G2. foe. a. <= = 198 2,900 
OUNGWRRRS ete Peri eee Be cee eye. = — 1,700 
SUDO Me ears. ak aero © ee 4,023 Neh AiO 
Rio Blanco County 
Meeker SW. erat) at ea ea WA 1,848 2,779 6,000 
Rangelyeaeys as Naw Res edi gs Sepeate 1,871 2,223 6,000 
OMIGIA: = hen Seo ss ee 1,381 1,542 2,000 
SUC EI Sh Pee ee oe 5,100 6,544 14,000 
SACLE ROS ONY cates. ecm oes 9,123 13.730). oos000 


4Does not include Mesa or Moffat Counties, both of which are more distant from the area of devel- 
opment. 

Dactuals from a special U.S. census. 

CEnd-of-the-year projections by the Colorado West Area Council of Governments. 

Estimated by OTA from various planning and needs assessment documents; assumes comple- 
tion of currently planned projects (e.g., housing, water and sewer system expansions, street 
and road improvements, etc.). 

&A new town; construction anticipated to begin in the early 1980's. 

fincludes only the immediate oil shale vicinity. 


SOURCE: Office of Technology Assessment. 
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ties of the communities. Not only would the 
existing towns have to double or triple in size, 
but several new ones would have to be estab- 
lished. Disruption from social and psychologi- 


cal stress would be inevitable for scenario 4, 
and there is little doubt that adverse living 
conditions would prevent the realization of its 
production goal. 


Policy Considerations 


Some possible Federal policy responses to 
the constraints that would inhibit or preclude 
the expansion of the oil shale industry are 
discussed in this section. Other issues and im- 
pacts that have not been identified as con- 
straints are dealt with in the subsequent 
chapters and summarized in chapter 1. Some 
examples are the efficacies, over the long 
term, of the proposed solid waste disposal 
practices, and the consequences of de- 
creases in the flows of the Colorado River 
system. 


Technology 


Accelerated research, development, and 
demonstration would be needed to remove the 
technological barriers to scenario 4. The 
following programs might be considered. 


R&D Policy Options 


Some of the remaining technical questions 
could be answered in small-scale R&D pro- 
grams. These could be conducted by Govern- 
ment agencies or by the private sector, with 
or without Federal participation. If Federal 
involvement is desired, the R&D programs 
could be implemented through the congres- 
sional budgetary process by adjusting the ap- 
propriations for the Department of Energy 
and other executive branch agencies, by pro- 
viding additional appropriations earmarked 
for oil shale R&D, or by passing new legisla- 
tion specifically for R&D on oil shale technol- 
ogies. 


Demonstration Options 


In general, potential developers would 
prefer to follow conventional engineering 
practice, and to approach commercialization 
through a sequence of increasingly larger 


production units. Union, Colony, and Paraho 
have progressed through this sequence to the 
semiworks scale of operation—about one- 
tenth of commercial module scale. Larger 
demonstration projects will be needed to ac- 
curately determine the performance, reliabil- 
ity, and costs of processing technologies un- 
der commercial operating conditions. For 
Union and Paraho, the next step is a modular 
demonstration facility that would incorporate 
only one retort. Although costing several hun- 
dred million dollars, this facility would pro- 
vide the necessary experience and the techni- 
cal and economic data to decide whether to 
commit much larger sums to commercial 
plants. Rio Blanco and Cathedral Bluffs are 
also following the modular demonstration 
path. Colony regards the pioneer commercial 
plant as more suitable for demonstrating the 
TOSCO II technology. 


As discussed in the section on economic 
and financial policies, whether the Federal 
Government plays an active role in fund- 
ing and operating the demonstration projects 
will strongly influence the balance that is 
achieved between information generation 
and dissemination, timing of development, 
and cost to the Treasury. There are four 
possible structures for demonstration pro- 
grams. In all cases, the net cost of the pro- 
gram will depend on where the facilities are 
sited. If the site could be subsequently devel- 
oped for commercial production (e.g., a pri- 
vate tract, a potential lease tract, or a can- 
didate for land exchange), the facility would 
have substantial resale value. Otherwise, it 
would have only scrap value. _ 


A single module on a single site.—This op- 
tion would provide comprehensive informa- 
tion about one process on one site. Either 
underground or surface mining experiments 
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could be performed, but probably not both. 
The costs would be small overall but large on 
a per-barrel basis, because there would be no 
economies of scale. Some of the mined shale 
could be wasted because the single retort 
might not be able to process all of it economi- 
cally. 


Several modules on a single site.—This 
program might consist of an MIS operation 
coupled with a Union retort for the coarse 
portion of the mined oil shale and a TOSCO II 
for the fine portion. As with the single-module 
option, either surface or underground mining 
could be tested, or possibly both if the plant 
had sufficient production capacity. The total 
costs would be larger than for the single-mod- 
ule program, but unit costs would be much 
lower. For example, a three-module demon- 
stration plant would cost about twice as 
much as a single-module facility; a six-module 
plant about four times as much. Different 
technologies could be combined to maximize 
resource utilization, and detailed information 
could be obtained for each. However, all of 
the information would be applicable to only 
one site. If many modules were tested, the 
demonstration project would be equivalent to 
a pioneer commercial plant, except that a 
true pioneer operation would probably not 
use such a wide variety of technologies. 


Single modules on several sites.—Several 
technologies might be demonstrated, each at 
a separate location. For example, an under- 
ground mine could be combined with a 
TOSCO II retort on one site; a surface mine 
with a Paraho retort at another. Total costs 
would be large, as would unit costs, which 
would be comparable with those of the single- 
module/single-site option. The principal ad- 
vantage would be that different site charac- 
teristics, mining methods, and processing 
technologies could be studied in one program. 


Several modules on several sites.—For 
each site, a combination of mining and proc- 
essing methods could be selected that would 
be appropriate for the site’s characteristics 
and the nature of its oil shale deposits. The 
maximum amount of information would thus 
be acquired in exchange for the maximum 


amount of investment. Each project would re- 
semble the several-module/single-site option; 
the collection would constitute a pioneer 
commercial-scale industry. 


Economic and Financial 


Continuing uncertainties over eventual 
plant costs, along with present regulatory 
deterrents, may mean that financial incen- 
tives will be needed. Government action to 
allow easier access to public oil shale land, or 
to remove regulatory impediments, could re- 
duce this need. If, however, assuring the pro- 
duction for scenarios 3 or 4 by 1990 is a ma- 
jor objective, then financial incentives should 
be seriously considered. They would be par- 
ticularly important in meeting the goals of 
scenario 4, because the rapid deployment of a 
large number of projects within 10 years is 
likely to create cost overruns and jeopardize 
project economics. 


Government Financial Support 


Several types of Government financial sup- 
ports are discussed below. These are basical- 
ly of two kinds: incentives to private industry, 
and direct Government ownership or partici- 
pation. 


Incentives to industry.—An effective in- 
centive must avert one or more economic 
risks. It should also be cost-effective: its cost 
to the Government should be low and its sub- 
sidy effect high. It should promote, or at least 
not impede, efficient investment and produc- 
tion decisions, and should encourage competi- 
tion. It should facilitate access to capital. It 
should entail small administrative and bu- 
reaucratic costs. Finally, it should be phased 
out as market conditions improve and risks 
are reduced. The following analysis assumes 
that only temporary incentives will be re- 
quired for the first generation of oil shale 
facilities. If this assumption proves incorrect, 
the implications of subsidizing the industry 
should be reevaluated; permanent subsidies 
are a very different economic proposition 
from temporary ones. 
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OTA analyzed 10 possible economic incen- 
tives. These differ with respect to the criteria 
described above and also with respect to 
whether the Government provides the incen- 
tive before or after production begins. The 
latter option is desirable because the Govern- 
ment could phase in the subsidy disburse- 
ment. Production incentives (those applied 
after production begins) limit the Govern- 
ment’s financial exposure and risk. The use 
of production subsidies alone, however, may 
encourage only large corporations with ex- 
ceptional debt capacity. 


The net cost to the Government of a partic- 
ular incentive can directly reflect the extent 
of its subsidy effect, but the relationship is 
not necessarily linear: some incentives defi- 
nitely provide more subsidy at a lower cost to 
the Treasury than others. (See table 12.) It is 


also important to note that the corporate, fi- 
nancial, technical, and fiscal circumstances 
of the potential developers will show consid- 
erable differences. Consequently, it is un- 
likely that any single ‘‘best’’ incentive will be 
revealed. However, some are Clearly superior 
to others from the viewpoints of both the Gov- 
ernment and developers. An optimal policy 
might be to provide a variety of incentives of 
approximately equal dollar value, and to 
allow each company to choose the one that is 
most appropriate to its particular circum- 
stances. The implications of each of the in- 
centives follow.* 


e Construction grant.—The Government pro- 
vides a direct grant to cover a prespecified 
percentage of total construction costs. 


*Full discussion is found in ch. 6. 


Table 12.—Subsidy Effect and Net Cost to the Government of Possible Oil Shale Incentives 


(12-percent rate of return on invested capital) 


Change in Total expected cost 


Total expected expected profit Probability to Government Breakeven 
Incentive profit ($ million) ($ million) of loss ($ million) price ($/bbl) 
Construction grant (60%) *.. cw) A eee $707 $487 0.00 $494 $34.00 
Construction grant (33%6)\.. AF. darcecafeoyenen ot. a hlenwiers 542 321 0.00 327 38.70 
LOWPASS EMO O) ike PS Ss As 497 PATE 0.00 453 43.40 
Preductiontax credit\(S3)o 8" tat 0) stete ten oe ae 414 194 0.01 252 42.60 
PRIGOSUDBONT (hOON cin 2 ataet nets ea tame ny eee 363 142 0.01 We NA 
Increased depletion allowance (27%) .............. 360 140 0.05 197 45.70 
Increased investment tax credit (20%) ............. 299 79 0.05 87 45.80 
Accelerated depreciation (Syears)................ 296 76 0.05 79 46.00 
Purchase-agresment ($95) 2..-a. tae oeeere. coe 231 11 0.03 0 NA 
NOnG'. FT oh pt Began ene pete ain ee 220 0 0.09 0 48.20 
(15-percent rate of return on invested capital) 
Change in Total expected cost 
Total expected expected profit Probability to Government Breakeven 

Incentive profit ($ million) ($ million) of loss ($ million) price ($/bbl) 
Construction grant (50%) ot ehok ter Se en ee $281 $477 0.00 $494 $40.60 
Construction.grant.(33.%)) ..29, eee eee, aay 119 Sls) 0.19 327 47.70 
Vow -intenest loan) (100 ere eee ee 81 277 0.23 453 54.70 
Production tax credit($3).02% sf 2scas eee, Sane -61 135 0.63 - 252 56.10 
Price suppor ($35) tek Mebane — 88 108 Oat 172 NA 
Increased depletion allowance (27%) .............. —110 86 0.75 197 57.20 
Increased investment tax credit (20%) ............. —131 65 0.77 87 58.80 
Accelerated depreciation (5S years) ................ —127 69 0.76 79 58.90 
Purehase agreement ($55)r . cates, ay. tS — 150 46 0.92 0 NA 
NON. .dsddh oi ie: 6 ao ate sacle vas, a Seam eee § —196 0 0.93 0 61.70 


The calculations assume a $35/bbl price for conventional premium crude that escalates at a real rate of 3 percent per year. Thus, the predicted $48/bbl breakeven price for the 12-percent discount rate will 
be reached in 11 years, or in the fifth year of production. Therefore, in narrow economic terms, oil shale plants starting construction now, which assume a 12-percent discount rate, will be profitable over 
the life of the project without subsidy. (See discussion for caveats concerning this conclusion.) The calculations are for a 50,000-bbI/d plant costing $1.7 billion. All monetary values are in 1979 dollars. 


SOURCE: Resource Planning Associates, Inc., Washington, D.C. 
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(OTA analyzed both 50- and 33-percent 
grants.) This incentive has a strong effect 
on project financing. It benefits all devel- 
opers, and does not distort investment or 
production decisions. However, it would 
impose large administrative burdens on 
both the Government and industry. There 
would be no assurance that production 
would occur even with the grants. Large 
initial lump-sum payments would be re- 
quired rather than phased-in treasury dis- 
bursements. The subsidy would probably 
be politically unpopular. 


Production tax credit.—The developer is 
allowed a credit against corporate income 
taxes for each barrel of shale oil produced. 
(A $3 credit per bbl of crude shale oil was 
analyzed.) This incentive provides a strong 
subsidy effect, and moderately shares in- 
vestment cost uncertainty. It imposes min- 
imal administrative burdens. It only slight- 
ly improves project financing, however, 
and entails some distortion of product 
price. It most strongly affects firms that 
have large tax liabilities, and its net cost to 
the Government is high compared with 
other possible incentives. It is widely sup- 
ported by potential developers. 


Price support.—A minimum price for shale 
oil is guaranteed for a long enough period 
to allow developers to recover their capi- 
tal. (OTA analyzed a minimum price of $55/ 
bbl of shale oil syncrude—the Government 
would pay the difference if the market 
price were lower.) This incentive has a 
very strong effect on project economics. It 
removes most of the risk of price fluctua- 
tions in foreign oil. On the other hand, it 
does not prevent shale oil from being sold 
in the private market if prices there are 
higher than the supported price. With 
present and projected world oil prices, it is 
very possible that no Government pur- 
chases would be necessary. In this case, 
the Government would gain income since 
the developers would pay taxes on their 
production. This incentive limits the Gov- 
ernment’s financial exposure—a highly de- 


sirable feature.* Its availability would also 
help developers obtain project financing. 

Price supports would benefit all firms. 
However, they might not be sufficient for 
firms with limited debt capacity (i.e., firms 
that could not borrow the required capi- 
tal), especially if they were considering 
costly commercial-size plants. The admin- 
istrative burden would range from slight to 
moderate. This subsidy is supported by a 
variety of potential developers. Its char- 
acteristics make it attractive to both devel- 
opers and the Government. 


e Purchase agreement.—A developer con- 
tracts with the Government to sell shale oil 
at a specified price that is usually some- 
what above the expected market price. 
(OTA’s analysis assumed a price of $55/bbl 
in constant 1979 dollars.) This incentive is 
similar to a price support except that the 
developer must sell the oil to the Govern- 
ment; he does not have the option of selling 
it in the open market. Purchase agreements 
increase profitability to a lesser extent 
because the firm does not benefit if the 
market price is above the contract price. 
On the other hand, the Government shares 
in both the risks and the potential benefits 
of shale oil production. Consequently, the 
average cost to the Government is some- 
what lower than with a price support. Pur- 
chase agreements limit the possibility of 
loss, but also reduce the likelihood of large 
profits. They are less popular with indus- 
try than are price supports. The adminis- 
trative costs are also higher than those of 
price supports, but their severity can be 
controlled, to some extent, by the manner 
in which the subsidy is constructed. 


e Low-interest loan.—The developer bor- 
rows a specified percentage of capital 
costs from the Government at an interest 
rate below the prevailing market rate. 
(OTA’s analysis assumed 70-percent fi- 


* As indicated in table 12, the net cost to the Government of 
providing such an incentive—even if developers chose to sell to 
the Government—would be low relative to most other incen- 
tives. 
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nancing at 3 percentage points below the 
market rate.) This incentive requires the 
Government to share significantly in the 
risk of project failure, and it has a marked 
effect on a developer’s ability to obtain 
financing, but it tends to distort input 
costs, and to bias investment decisions in 
favor of capital-intensive technologies. it 
also imposes large administrative burdens. 
This type of subsidy is usually designed to 
provide the greatest benefits to firms with 
weak financial capability. In practice, 
however, it is difficult to deny loans to 
strong firms. 


e Debt guarantees.—The Government 
agrees to pay back a loan if the developer 
defaults. With this insurance, a firm can 
usually obtain lower interest rates. Usual- 
ly, only a fraction of the total loan is in- 
sured, and the borrower is required to pay 
a premium for the insurance. This incen- 
tive only slightly subsidizes the investment, 
but it provides maximum sharing of the 
risk of project failure. It considerably 
eases borrowing problems. Loan guaran- 
tees primarily benefit financially weak 
firms. They distort input cost, and they 
bias investment decisions toward capital- 
intensive technologies. They also impose a 
significant administrative burden. Perhaps 
the most obvious drawback is the uncer- 
tain financial exposure of the Government. 
The Government’s costs would be zero if no 
plants failed, but huge if even a few fail- 
ures occurred. The Government has had 
considerable experience with debt insur- 
ance programs during the last 15 years, 
and the fees paid by firms for the protec- 
tion have, in sum, yielded it net income. If 
the participation of small- and medium- 
sized firms is desired, then either debt 
guarantees or low-interest loans will prob- 
ably be necessary. 


¢ Investment tax credit (10 percent), accel- 
erated depreciation (5 years), and in- 
creased depletion allowance.—None of 
these would be likely to have a major im- 
pact on oil shale development. Their incen- 


tive characteristics are discussed in 


chapter 6. 


Direct Government Participation or Ownership 


The Government could share the capital 
and operating costs with industry, and there- 
by become a part owner of the project. The 
consequences would be similar to the con- 
struction grant option, except that the Gov- 
ernment would share all of the risks and ben- 
efits. Almost without exception, potential de- 
velopers believe that active Government par- 
ticipation would increase managerial com- 
plexity and inefficiency. Administrative bur- 
dens would be very high. 


The Government could also contract for the 
construction of several modular plants it 
would then operate, either alone or through 
contracts. It could thus conduct operations to 
obtain accurate information on technical fea- 
sibility, project economics, and the relative 
merits of different processes. This would be 
of assistance in evaluating its future policies 
towards oil shale, in disseminating technical 
information, and in improving its understand- 
ing of the value of its oil shale resources. 
After enough information had been obtained, 
the facility could be scrapped or sold to a pri- 
vate operator. This policy would provide the 
Government with information and experi- 
ence, but the cost would be much higher than 
that of incentives to private developers. 


Because industrial partners would insist 
on some protection of proprietary informa- 
tion, the Government would probably not be 
able to disseminate all project data as it 
chose. In addition, its experience in design- 
ing, financing, managing, and obtaining per- 
mits for an oil shale plant may not resemble 
that of private industry. Thus, the informa- 
tion acquired may be of only limited use to 
subsequent private developers. 


Most of the information secured through 
Government ownership could be made avail- 
able as a condition of granting private finan- 
cial incentives. Furthermore, this kind of 
Government intervention is likely to discour- 
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age private developers from undertaking 
their own modular development and R&D pro- 
grams. Government programs of this kind 
tend to reduce the benefits that a particular 
firm could obtain from R&D or modular test- 
ing. Finally, when patenting and licensing 
technologies, definite provision is made for 
the dissemination of technical information on 
both gratis and fee terms to possible users of 
the processes. 


Institutional 


Use of Federal Land* 


The Federal Government owns over 70 per- 
cent of the oil shale lands and nearly 80 per- 
cent of the best shale resources. Essentially 
all of the large deposits of nahcolite and daw- 
sonite** in the Piceance basin are federally 
owned. No permanent leasing program exists 
for these lands, and the current Prototype Oil 
Shale Leasing Program is limited to no more 
than six tracts of 5,120 acres each. To date, 
four tracts have been leased: Utah tracts U-a 
and U-b (the White River project) and Col- 
orado tracts C-a (Rio Blanco) and C-b 
(Cathedral Bluffs). The other two tracts were 
proposed for Wyoming, but no bids were re- 
ceived when their leases were offered in 
1974. Development is proceeding on the Col- 
orado tracts, but the ones in Utah have been 
stalled by litigation between the State and the 
Federal Government.*** 


*On May 27, 1980 the Department of the Interior (DOJ) an- 
- nounced several oil shale decisions. Up to four new tracts will 
be leased under the Prototype Program and preparations 
started for a permanent leasing program. At least one multi- 
mineral tract will be included in the renewed Prototype Pro- 
gram. Land exchanges will not be given special emphasis, and 
no decision will be made to settle mining claims until the Su- 
preme Court rules on Andrus v. Shell Oil (the oil shale mining 
discovery standard case). [NOTE: This case was decided on 
June 2, 1980. No. 78-1815.] The administration will propose to 
Congress legislation to give DOI the authority to grant leases 
bigger than the present statutory limitation of 5,120 acres, to 
provide for off-lease disposal of shale and siting of facilities, 
and to allow the holding of a maximum of 4 leases nationwide 
and 2 per State. 

**Nahcolite is a mineral containing sodium; dawsonite con- 
tains aluminum. 

***On May 19, 1980, the U.S. Supreme Court reversed the 
lower court decisions and held that the Secretary of the Interi- 
or could reject Utah’s applications for oil shale lands as school 
land indemnity selections (Andrus v. Utah, No. 78-1522). 


Additional Federal land would not be 
needed to achieve the goal of scenario 1, nor 
to reach that of scenario 2 if economic condi- 
tions favored oil shale development. The goal 
of scenario 3 could also be met without more 
Federal land if regulatory and economic un- 
certainties were sufficiently reduced to en- 
courage Tosco, Colony, Union, and Rio Blanco: 
to continue their commercialization pro- 
grams. On the other hand, implementation of 
scenario 4 would require a highly favorable 
economic and regulatory climate (probably 
including Federal subsidies), or the use of ad- 
ditional Federal land, or both. In any of the 
scenarios, more public land may be required 
if large-scale multimineral recovery proc- 
esses or open pit mining are to be tested in the 
near future. 


The land could be leased, exchanged for 
private land, or developed by the Govern- 
ment. All three options may be affected by the 
fact that much of the best Federal oil shale 
land is subject to unpatented mining claims 
by private parties. The validity of some of 
these claims will be determined by the Su- 
preme Court in 1980. If the Court’s ruling fa- 
vors the claimants, much less Federal land 
may be available for disposition. 


Leasing.—Under the Mineral Leasing Act 
of 1920, the Department of the Interior (DOJ) 
has the authority to lease public oil shale 
lands to private developers. The Act limits 
the number of leases to one per person or 
firm, and restricts the maximum size of a 
single tract to 5,120 acres (8 mi’). Individuals 
and firms are allowed to hold shares in sever- 
al leases, but the total area covered by these 
shares cannot exceed 5,120 acres. 


Whether the acreage limitation will im- 
pede development will depend on the location 
of the tract and on the types of development 
technologies to be employed. It might pre- 
clude large-scale operations in the thinner, 
leaner deposits in Wyoming. However, a 
5,120-acre tract in the relatively rich areas of 
the Piceance and Uinta basins could easily 
support a commercial-scale operation over its 
economic lifetime. On the other hand, if a 
very large facility were desired, the acreage 
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limitation could impede efficient resource de- 
velopment, especially if surface mining were 
to be used. If the entire tract were suitable 
for surface mining, the need to dispose of min- 
ing and processing wastes within the tract 
boundaries would reduce overall resource re- 
covery, and might allow only relatively ineffi- 
cient development. One solution would be to 
include in the tract an area (such as a dry 
canyon) that contains no oil shale resources 
but that could be used for waste disposal. 
This option would not require amending the 
Leasing Act, but it could complicate mining 
operations and would reduce the value of the 
tract to the private sector. Another option 
would be to allow disposal in similar areas 
outside the tract boundaries, as was original- 
ly proposed for tract C-a, but this would re- 
quire amending the Federal Land Policy and 
Management Act of 1976 (FLPMA). 


The argument in favor of limiting the num- 
ber of leases per individual or firm is that it 
prevents a small number of entrepreneurs 
from cornering the lease market. The argu- 
ment against the restriction is that it prevents 
a developer from acquiring experience and 
technical information on one tract and then 
applying it to another while the first is still 
operating. The latter position is valid for 
potential developers who do not have their 
own oil shale land, but not for those whose 
privately owned tracts could be developed 
commercially if the company could acquire 
the necessary expertise in the richer deposits 
on public land. The options are to increase 
the number of leases allowed to two or three 
per company or individual, regardless of the 
locations of the tracts; or to allow one lease 
per developer per State. The latter would 
allow a developer to obtain experience with 
the richer oil shales in Colorado, for example, 
which could then be applied in Utah or Wyo- 
ming. Potential developers prefer the first op- 
tion because the shales in Utah and Wyoming 
are much poorer than those in Colorado. Both 
options would require amending the Mineral 
Leasing Act. 


If additional leasing is desired, it could be 
carried out either in a new, permanent leas- 
ing program, or as part of the Prototype Pro- 


gram. Opportunities exist for leasing at least 
two additional tracts within the Prototype 
Program because of the two Wyoming leases 
that were not purchased during the 1974 of- 
fering. No congressional action would be re- 
quired to extend the Prototype Program, but 
its extension would constitute a major Feder- 
al action. Therefore, a supplementary envi- 
ronmental impact statement (EIS) would be 
required. Its preparation could take from 1 to 
2 years. 


Nomination of the tracts and preparation 
of leasing regulations could add several 
months to a year to the front end of the sched- 
ule. Unless the preliminary steps were expe- 
dited, the leases could probably not be sold 
until about 1983. If the leases were similar to 
those for the existing Prototype tracts, a 
2-year environmental monitoring program 
would be mandated before site development 
could proceed. Thus, the first construction 
work could not begin until about 1985. If a 
commercial plant were built without a pre- 
liminary demonstration phase, commercial 
production could start in about 1990. With a 
demonstration phase, commercial production 
could not begin before 1992 or 1993. 


The timespan could be reduced somewhat 
by offering the tracts that were considered in 
the mid-1970’s as replacements for the Wyo- 
ming tracts. The nomination process was 
completed for these tracts, and work was be- 
gun on a supplemental EIS. They were origi- 
nally selected as sites for in situ operations, 
and to offer them now for this type of devel- 
opment would be inconsistent with one of the 
Program’s major goals, which was to test a 
variety of processing technologies. (Both of 
the active Prototype tracts are being devel- 
oped by in situ techniques.) If they were also 
suitable for aboveground processing, their 
use in the program extension would shorten 
the commercialization schedule by about a 
year. 


The other leasing option would be a new, 
permanent leasing program that would be in- 
dependent of the Prototype Program and 
therefore not restricted by its six-tract limit. 
Implementing this option would take longer 
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than extending the Prototype Program, be- 
cause of the need to prepare new leasing reg- 
ulations and an entirely new EIS. No congres- 
sional action would be required, unless the 
program were to be coupled with an incen- 
tives package or with amendments to the Min- 
eral Leasing Act. 


The adoption of a new leasing program 
would imply the abandonment of another ob- 
jective of the Prototype Program, namely to 
obtain the technical, economic, and environ- 
mental information needed to design a perma- 
nent leasing program. For a variety of rea- 
sons, the Prototype Program has not yet pro- 
vided this information. (See vol. II.) Its aban- 
donment would engender political opposition 
from the individuals and groups that criticize 
oil shale development, especially where pub- 
lic land is involved. 


Land exchange.—Private interests own 
several million acres of oil shale land. Of the 
approximately 400,000 acres of privately 
owned land in Colorado, at least 170,000 
acres contain beds that are at least 10 ft deep 
with a potential yield of 25 gal/ton. It has 
been estimated that the total potential oil 
yield from these richer tracts is at least 80 
billion bbl. However, much of the privately 
held land is located on the fringes of the oil 
shale basins, and contains thinner, leaner de- 
posits than does the adjacent Federal land. 
Furthermore, many of the private tracts are 
in small, noncontiguous parcels (mainly for- 
mer homesteads and small mining claims) 
that cannot be economically developed. Pri- 
vate oil shale development would be encour- 
aged if these lands were exchanged for more 
economically attractive Federal tracts. 


There are essentially two land exchange 
options. The first involves “blocking up” scat- 
tered or oddly shaped private tracts by ex- 
changing some of them for adjacent Federal 
lands. (Superior Oil Co. proposed such an ex- 
change for its tract near the northern edge of 
the Piceance basin.) The second option in- 
volves the exchange of large privately owned 
parcels for equivalent Federal tracts, per- 
haps in an area that is more suitable for a 
specific development method. 
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Both options are allowed by FLPMA. Under 
FLPMA, the Government may exchange pub- 
lic land for private land, provided that the ex- 
change is in the public interest and that the 
properties involved are within 25 percent of 
equal value. The difference can be made up 
with cash. The major problem with ex- 
changes under FLPMA is that the procedures 
are time-consuming, complex, and costly. Sev- 
eral Federal agencies must be involved in 
estimating the relative values of the tracts in 
question and in determining whether the ex- 
change is in the public interest. An EIS may 
be needed; its preparation could take as long 
as 2 years. The overall process, including re- 
view, evaluation, and approval by the agen- 
cies plus a period for public comment, can 
take even more time. 


There are several ways to improve the ex- 
change process. One would be to streamline 
the review procedures, perhaps by setting up 
a task force within DOI to deal with exchange 
proposals involving oil shale lands. Another 
option would be for DOI to nominate Federal 
tracts, to characterize their environments, 
and to evaluate their resources, even if no ex- 
change proposals had been received from pri- 
vate parties. With this advance preparation, 
the exchange process would be shortened, 
and the Government would be able to control 
the location of the future oil shale plants. 
Both options would be costly and would en- 
large the bureaucracy. Additional appropria- 
tions, and possibly authorizing legislation, 
would have to be provided by Congress. 


A third option would be to exchange pri- 
vate land for Federal land that is adjacent to 
State-owned tracts. The mix of private and 
State land could then be developed under a 
State-controlled leasing program. This option 
would be most applicable to the Uinta basin, 
where the State’s extensive holdings are in- 
termingled with Federal and private tracts. 


Government development.—The Govern- 
ment could also develop its own oil shale 
lands. Two likely tracts are the 40,000-acre 
Naval Oil Shale Reserve 1 (NOSR 1) in Colora- 
do and the 90,000-acre NOSR 2 in Utah. (The 
resources on NOSR 2 are of much poorer 
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quality.) These sites could be developed 
either with a Government-owned corporation, 
or through a cost-sharing arrangement with 
industry. The advantages and disadvantages 
of different types of Government participa- 
tion are discussed in the section on economic 
and financial policies. 


Permitting Procedures 


Developers view the costs and potential 
risks of the present regulatory process as one 
of two primary impediments to development. 
Reaching the production goals of scenarios 1 
and 2 will probably not require expediting the 
permitting process, but it will be needed to 
meet the goals of scenario 3, and is even more 
important for scenario 4. One or more of the 
following actions could speed up the process: 
require regulatory agencies to make deci- 
sions in a specified period of time; ‘‘grand- 
father’’ projects under development to make 
new laws and regulations inapplicable to 
them; create an energy board or authority 
with the power to overrule Federal regula- 
tory decisions; or limit litigation as was done 
with the Alaskan oil pipeline. The first two 
options are likely to be a part of the powers of 
the Energy Mobilization Board. 


Another possibility would be for regulatory 
agencies themselves to take the lead in simpli- 
fying their own permitting procedures. This 
could be done by the imposition of internal 
time limits on the period of review, and could 
be combined with an arrangement whereby 
developers applied for a package of related 
permits. This would consolidate the number 
of permits required, and eliminate some of 
the existing permit duplication. EPA Region 
VIII appears to be adopting these procedures, 
although it is not clear whether and to what 
extent they will actually expedite the permit- 
ting process. 


Pipelines 


A major pipeline would have to be built to 
ship most of the 1-million-bbl/d target of sce- 
nario 4 because existing pipelines to Wyo- 
ming and Midwestern refineries are inade- 
quate. Its construction could require access 


across Federal land and eminent domain 
rights to private land, as well as extensive 
regulatory actions and EISs. Congressional 
action might be needed to facilitate such a 
project. 


Design and Construction Services 
and Equipment 


To achieve the goals of scenario 4, Federal 
assistance might be needed to deal with scar- 
cities of heavy equipment and limited design 
and construction services. The following pol- 
icies might be developed: 


e Training programs could be set up for 
construction workers to provide a skilled 
work force when construction begins. 

e Equipment with long delivery times 
could be identified and supplies in- 
creased by either expanding existing ca- 
pacity, stimulating additional capacity, 
or encouraging early orders. 

e Tariffs and quotas on imported equip- 
ment could be reduced or eliminated. 

e Federally sponsored R&D programs 
could address the technical questions of 
scaling up to commercial-sized facilities. 

e Developers, local governmental units, re- 
lated industries, concerned interest 
groups, and appropriate Federal agen- 
cies could be encouraged to coordinate 
their efforts. This would help avoid con- 
struction delays. 

e Standardization of plant designs could 
be used to reduce complexity and simpli- 
fy construction. 


Environmental 


Air Quality 


The PSD standards promulgated under the 
Clean Air Act could hinder scenario 3 and 
will, with current ‘‘best available control 
technologies,’’ prevent achieving scenario 4. 
Policy options for addressing these obstacles 
include: 


¢ Coordinate the issuance of PSD permits.— 
This option would not alter the PSD regula- 
tions nor relax air quality standards, but 
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would change the methods for issuing the 

PSD permits that are needed before con- 

struction of the plants can begin. Rather 

than issuing the permits on a first-come 
first-served basis, EPA would encourage 
all prospective developers to coordinate 
their development plans before applying 
for their permits. The goal would be a sit- 
ing pattern that maximized production 
while complying with air quality stand- 
ards. This might relieve some of the siting 
difficulties envisioned for the Piceance ba- 
sin as a result of its proximity to the Flat 

Tops Wilderness area. The implementation 

of this type of option, however, could be 

complicated by factors such as antitrust 
laws. 

Redesignate the oil shale region from 

Class II to Clase III.—This option would be 

initiated at the State level, with a require- 

ment for final approval from EPA. The cri- 
teria that would have to be satisfied in- 
clude: 

—the Governors of Colorado, Utah, or 
Wyoming must specifically approve the 
redesignation after consultation with 
legislators, and with final approval of 
local government units representing a 
majority of the residents of the area to 
be redesignated, and 

—the redesignation must not lead to pollu- 
tion in excess of allowable increments in 
any other areas. 

This option would allow greater degrada- 

tion of air quality, but would permit more 

industrial development. While it would ap- 
pear that with such an option there could 
be about twice as much oil shale develop- 
ment as presently possible, there would 

still be limitations owing to nearby Class I 

areas. With this option it is expected that 

the production target of scenario 3 could 

be achieved, but not that of scenario 4. 

Amend the Clean Air Act.—This congres- 

sional option would exempt the oil shale re- 

gion from compliance with certain provi- 
sions of the Act. Under this option Con- 
gress might direct EPA and the States to 

redesignate the oil shale region from a 

Class II to a Class III area, and to exempt 


the developers from maintaining the visi- 
bility and air quality of nearby Class I 
areas. This would remove both the major 
uncertainties surrounding the siting of fa- 
cilities within the resource region itself 
and any siting barriers connected with the 
degradation of the Class I areas. Such an 
option should allow achievement of the sce- 
nario 4 production goal at the cost of in- 
creased air pollution in the oil shale and 
nearby regions. 


Environmental R&D 


The public and private sectors have car- 
ried out extensive work on the environmental 
impacts of oil shale development and on pollu- 
tion control technologies to reduce these im- 
pacts. Yet many questions remain about the 
effects that a commercial-size industry would 
have both on the physical environment and on 
worker health and safety. It is essential, 
therefore, that R&D keep pace with the indus- 
try’s development. The information generated 
would also assist regulatory agencies to de- 
velop emission and effluent standards for the 
industry. 


Options at the Federal level for improving 
technical information include improved coor- 
dination of R&D among executive branch 
agencies, increased appropriations for oil 
shale R&D, the use of existing national com- 
missions (e.g., the National Commission on 
Air Quality) and the passage of legislation 
specifically directed to R&D on the environ- 
mental impacts of oil shale technologies. (En- 
vironmental R&D needs are discussed in ch. 8 
and summarized in ch. 1.) 


Water Resources 


Policy options for removing obstacles asso- 
ciated with water resources are discussed 
below. 


Financing and Building New Reservoirs 


Major new reservoirs will be needed for 
scenarios 3 and 4 to ensure that the water 
needs of oil shale developers as well as all 
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other users can be satisfied. They could be fi- 
nanced and built by the Federal Government, 
by State organizations, or by the developers. 
The options for Federal involvement are dis- 
cussed below. (Those for the States and the 
developers are discussed in ch. 9.) 


Congress could provide for the construc- 
tion and financing of new water projects 
through two mechanisms. First, funds could 
be appropriated for a project or projects that 
have already been authorized. Several have 
already been evaluated by the Water and 
Power Resources Service (WPRS),* and their 
construction approved. Actual construction 
cannot not be started until they are funded. 
However, not all of these projects have been 
evaluated for their suitability to supply water 
for oil shale development, and some projects 
may not be optimally located to serve oil shale 
plants. A second option would be to pass leg- 
islation that would specify both the construc- 
tion and funding of new, but not previously 
authorized, Federal water projects. Unless 
language were included to expedite construc- 
tion, these projects would require a long re- 
view process. They could, however, be de- 
signed and sited as water sources for oil 
shale (as well as other possible uses). An ex- 
ample would be constructing irrigation reser- 
voirs with additional capacity for oil shale re- 
quirements. 


Under either option, DOI, through WPRS, 
could operate these reservoirs in accordance 
with State water law. Their costs could be re- 
covered over the operating life of the facil- 
ities from revenues generated by selling wa- 
ter to oil shale developers and other users, in 
accordance with authorizing legislation. 


The Siting of Reservoirs and Direct 
Flow Diversions 


The construction of new reservoirs and di- 
rect flow diversions (e.g., pipelines) might be 
hampered, delayed, or even disallowed under 
provisions of the Endangered Species Act, the 
National Wild and Scenic Rivers Act, and the 


*Formerly the U.S. Bureau of Reclamation (USBR). 


Wilderness Act. Potential problems could be 
reduced by the following mechanisms. 


e Identifying endangered or threatened spe- 
cies.—Two federally designated rare and 
endangered fish species, the humpback 
chub and the Colorado River squawfish, 
have already been found in the waters of 
the oil shale region, and additional species 
requiring protection may be found during 
future studies. The Endangered Species 
Act may be interpreted as restricting activ- 
ities that might affect the critical habitats 
of such species, although no critical habi- 
tat has been declared for the squawfish or 
humpback chub. Knowing the approximate 
location of the critical habitats of endan- 
gered species would be helpful if it were 
decided to establish an oil shale industry 
because the timely siting of reservoirs and 
direct flow diversions could be affected by 
agency interpretations involving instream 
flows. Should construction of these facili- 
ties begin before the critical areas were 
identified, there could be opposition to 
their completion, and water supplies from 
a particular reach of a river could be de- 
layed or interrupted. If the locations of all 
designated critical habitats were identified 
by DOI and the required biological opinions 
obtained, the facilities could be sited to 
minimize interference and delay. 

Alternatively, Congress could designate 
such reservoirs to be in the national inter- 
est, and could allow their construction in 
spite of the effect this might have on endan- 
gered species. 


e Designating wild and scenic rivers and 
wilderness areas.—To date, no rivers in 
the oil shale region have been designated 
for inclusion in the Wild and Scenic Rivers 
System; however, several within the basins 
of the Colorado River mainstem are being 
considered. Diversions of water from spe- 
cific stream reaches could be affected if 
they are set aside. An early designation of 
the eligible rivers would assist in the plan- 
ning for future shale oil production. Given 
this information, direct flow diversions 
could be sited downstream from the por- 
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tions designated as wild or scenic. This 
would avoid a direct conflict within a given 
river stretch but could add to the water 
supply costs. (Supply costs are discussed in 
detail in ch. 9.) 

To date, four areas in the basins of the 
White River and the Colorado River main- 
stem have been designated under the Wil- 
derness Act. Other areas are being consid- 
ered pursuant to the Roadless Area Review 
and Evaluation II (RARE I) program.* New 
reservoirs would not be permitted in the 
designated areas. A complete listing of wil- 
derness areas that might be considered in 
the near future would allow potential de- 
velopers to locate their water storage facil- 
ities elsewhere. Alternatively, Congress 
could specifically exclude rivers and/or 
new areas in the oil shale region from des- 
ignation as wild and scenic rivers or wil- 
derness areas. 


Federal Sources of Water for 
Oil Shale Development 


Congress, under its constitutional powers, 
could make water available from Federal wa- 
ter projects, or potentially from the reserved 
rights doctrine. (See ch. 9.) If Congress de- 
cides that water from congressionally funded 
projects should be made available for oil 
shale development, then any legislation 
enacted should provide that the term ‘‘indus- 
trial use or purpose’’ includes the use of 
water for oil shale development.** Congress 
could also amend the authorizing legislation 
for those projects from which water for oil 
shale development might be sought, to permit 


*The Forest Service, in its RARE II program, is evaluating 


over 66 million acres of land to determine their suitability for | 


designation as wilderness. During the period of initial evalua- 
tion, and up to final recommendation by Congress, these lands 
will be in some form of restrictive management. 


** A Memorandum of Understanding exists between DOI and | 


the State of Colorado with respect to the use of water from ex- 
isting or authorized U.S. Bureau of Reclamation (now WPRS) 
projects. The State desires that the water not be changed from 
agricultural, municipal, or light industrial uses to energy pro- 
duction (including oil shale) that are inconsistent with State pol- 
icies. Under this memorandum, the State will review any appli- 
cations to redistribute water from conventional uses to energy 
production. The memorandum could be superseded by direct 
congressional directives of overriding national importance. 


the use of their water for this purpose. The 
objective of this action would be to overcome 
any administrative reluctance to permit the 
use of water for oil shale development under 
an authorization that did not specifically 
mention oil shale. 


The power of Congress over reserved wa- 
ters is more limited than its power over 
waters in congressionally funded projects. 
Water rights covered by the reserved right 
doctrine must be used “‘in furtherance of the 
purpose of the reservation.” For this reason, 
Federal water rights do not seem to be likely 
sources for oil shale development, except 
perhaps in the case of lands set aside for the 
Naval Oil Shale Reserves. This question, how- 
ever, is in the early stages of litigation. 


Interbasin Diversion 


Interbasin diversion is a technically feasi- 
ble although costly option for bringing addi- 
tional water to the oil shale region. There are 
also serious political obstacles to this alterna- 
tive. The Reclamation Safety of Dams Act of 
1978, amending the Colorado River Basin 
Project Act, prohibits the Secretary of the In- 
terior from studying the importation of water 
into the Colorado River Basin until 1988. If it 
were decided to pursue this option as a 
means of supplying water to an oil shale in- 
dustry coming online in 1990, this prohibition 
would have to be lifted. 


Interbasin transfers could be used to re- 
lieve the water problems of the oil shale re- 
gion in several ways. Water could be trans- 
ferred directly to the oil shale region, either 
exclusively for oil shale development or for 
all users. Alternatively, the water needs of 
Colorado’s eastern slope cities, presently 
being supplied in part from the Upper Col- 
orado River Basin, could be met from other 
hydrologic basins. The water presently being 
exported from the Upper Basin then could be 
used for oil shale development. In a third ap- 
plication of interbasin transfers, all or a por- 
tion of the 750,000 acre-ft/yr presently being 
supplied to Mexico by the Upper Basin States 
under the Mexican Water Treaty of 1944-45, 
could be taken from another hydrological 
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basin (perhaps the Mississippi basin). The 
water thus freed in the Upper Basin could be 
assigned in part to oil shale development 
(750,000 acre-ft/yr would be sufficient for a 
3-million- to 7.5-million-bbl/d shale oil in- 
dustry). 


The Allocation of Water Resources 


If Congress were to pass legislation encour- 
aging the development of an oil shale indus- 
try, it might wish to address the issue of how 
the necessary water would be supplied and 
how oil shale legislation might affect water 
allocation. 


Water in the oil shale region is presently 
distributed by a complex framework of inter- 
state and interregional compacts, State and 
Federal laws, Supreme Court decisions, an in- 
ternational treaty, and administrative deci- 
sions. Within the Western States, water 
rights are apportioned by the States to com- 
peting users according to a doctrine of prior 
appropriation under which water rights are a 
form of property separate from the land. 


Oil shale developers presently hold exten- 
sive, but largely junior (i.e., low priority) sur- 
face water rights. Therefore, if water short- 
ages were to occur, existing developer sup- 
plies could be interrupted. More reliable sup- 
plies may be provided through development 
of ground water not tributary to the surface, 
purchase of the consumptive portion of irriga- 
tion rights during the irrigation season, pur- 
chase of surplus water from Federal reser- 
voirs, or importation of water from more dis- 
tant hydrological basins. (The last two op- 
tions have been discussed above). A discus- 
sion of the amount of water needed for oil 
shale development is presented in detail in 
chapter 9. 


If control over the water supply for oil 
shale is to be left to the States, then Congress 
should probably so specify that decision in oil 
shale legislation to avoid any question of the 
preemption of State water laws. Legislation 
that would confirm preservation to the States 
of the same power over water for oil shale as 
they have over other water supplies should 
require the developer to comply with State 


procedures in securing a water supply, and 
provide that the established State appropria- 
tion system has the same authority to grant, 
deny, or place conditions on a water right and 
permit as would prevail in the absence of the 
legislation. 


If Congress were to attempt to remove the 
water supply for oil shale production from 
the control of the State, strong legal and 
political resistance would ensue. Such resist- 
ance could delay oil shale development. 


Socioeconomic 


The social and economic effects of oil shale 
development are not unique to the resource 
being produced or to the technologies in- 
volved. Rather, they derive from an influx of 
people, regardless of the cause. In this re- 
spect, they are similar to the effects of 
growth in other energy industries, such as 
coal or oil and gas. Before looking at specific 
policy options for the effects of oil shale de- 
velopment, the perspective from which they 
are viewed and the role of the Federal Gov- 
ernment in impact mitigation must be con- 
sidered. 


Congress can view socioeconomic impacts 
from one of three policy perspectives: 


e As part of the consequences of all kinds 
of energy development.—In recent ses- 
sions, Congress has considered bills that 
would provide assistance to communi- 
ties faced with problems from the 
growth of many different energy indus- 
tries, and programs for oil shale could be 
included in such legislation. 


e As an aspect of specific energy initia- 
tives.—Proposed amendments to the 
Powerplant and Industrial Fuel Use Act 
of 1978 are illustrative of this more lim- 
ited approach. These amendments are 
directed to the adverse effects of major 
energy developments, which could in- 
clude oil shale. They authorize grants, 
loans, loan guarantees, and payments of 
interest on loans; and propose an expe- 
diting process for present Federal pro- 
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grams as well as an interagency council 
to coordinate Federal impact assistance. 
e As the result of oil shale development 
alone.—In this case, specific language 
dealing with socioeconomic effects could 
be included in bills providing for the de- 
velopment of oil shale resources. 


The ways in which Congress deals with the 
impacts will depend on which perspective is 
adopted. 


Policy decisions must also consider the role 
of the Federal Government in impact mitiga- 
tion. Assistance in coping with the conse- 
quences of growth is not expected in the usu- 
al course of economic development. Recently, 
domestic energy development has become an 
exception when the distinction has been 
drawn between effects that can be handled 
by local communities—i.e., those that can be 
considered a normal adjunct of development, 
and those that cannot be readily solved with 
local resources—boomtown problems. The 
extent and nature of Federal involvement in 
impact mitigation is highly controversial. On 
the one side, it is argued that social and 
economic difficulties are State and local 
problems that should be viewed as the inevi- 
table consequences of industrial growth, and 
thus the Federal Government need not be in- 
volved with their amelioration. On the other 
side, the position is taken that national energy 
requirements are the root causes of impacts, 
therefore a Federal role is appropriate. Sev- 
eral Western States propose that for reasons 
of equity, the national goal of accelerated 
domestic energy production requires direct 
Federal participation in alleviating negative 
impacts. This question about the Federal role 
must be faced before decisions can be made 
about appropriate Federal actions for dealing 
with the impacts of oil shale development. 


No new Federal initiatives appear to be 
needed for scenarios 1 and 2, as long as the 
existing mechanisms are effective. Several 
requirements must be met, however: 


e both Federal and State actions must sup- 
port already established growth man- 
agement processes; 


e efforts to improve the delivery of Fed- 
eral programs should continue; 

e State appropriations from funds desig- 
nated to assist the oil shale communities 
will be necessary; and 

¢ support services, such as technical as- 
sistance to the local governments, should 
not be reduced. 


Increased Federal participation will be 
needed if the region is to accommodate the 
growth anticipated under scenarios 3 and 4. 
Several kinds of support could be given. One 
option would be to provide additional financ- 
ing for expanding the communities and for 
planning and establishing new ones. Another 
would be to create Federal programs to solve 
problems for which local groups have neither 
the time nor the resources. For instance, dif- 
ficulties may arise from inequities in the dis- 
tribution of revenues among States. These 
could be evaluated, and Federal actions 
taken for their correction. Such problems will 
occur if the workers for Utah developments 
choose to live in Colorado; Utah will gain tax 
revenues from the plants but Colorado will 
have to pay for the consequences of in- 
creased growth in its rural areas. Yet 
another option would be to expand Federal 
R&D efforts. As an example, it would be valu- 
able to have estimates of the maximum rate 
at which the communities could grow without 
experiencing severe disruption. These esti- 
mates could be used by policymakers to ad- 
just the timing and location of additional Fed- 
eral oil shale leases to take into account so- 
cloeconomic impacts. 


Which of the options would be best will de- 
pend on the success of local preparations and 
on the nature and timing of new development. 
If the industry grows slowly, Federal partic- 
ipation might be limited to R&D and other sup- 
porting activities. If it expands rapidly, sub- 
stantial direct financial support and active 
growth management efforts will be needed. 
For example, a coordinated strategy will be 
required to cope with the growth that would 
accompany the production of 1 million bbl/d, 
as envisioned by scenario 4; and the respon- 
sibilities would have to be shared by Federal, 
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State, regional, and local governmental units 
as well as by all private sectors. Extensive 
Federal participation would be unavoidable. 
One option would be to create a new Federal 
regional authority, for the impacts will ex- 
tend into Utah and Wyoming. The powers 
granted to such an authority would depend on 
the degree of coordination and cooperation 
between the public and private sectors, and 
on the severity of the negative impacts. For 
instance, construction of new homes, apart- 
ments, and other living facilities will have to 


be financed. This will involve private parties 
like lending institutions, and possibly the oil 
shale developers. But where private capital is 
insufficient, the Federal or State govern- 
ments will have to step in. Housing is only one 
sector where the needs can be expected to 
outstrip the resources, and where combined 
efforts to meet them will be essential. Many 
agencies, operating in many areas and at all 
levels, would have to be involved to cope with 
the growth that would accompany the estab- 
lishment of a 1-million-bbl/d industry by 1990. 


Scenario Evaluation 


As has been shown for the four scenarios, 
different development strategies entail sub- 
stantially different requirements, conse- 
quences, and Federal actions. Regardless of 
the strategy selected, tradeoffs among objec- 
tives and requirements are inevitable. This is 
indicated in figure 11, where the scenarios 
are rated according to the relative degrees to 
which they are expected to attain the objec- 
tives for development. The following summa- 
rizes how the attainment of each objective 
varies with the production goals. 


¢ To position the industry for rapid deploy-. 


ment.—The 400,000-bbl/d industry is given 
the highest rating because a wide variety 
of technologies and sites would be evalu- 
ated and substantial technical, environ- 
mental, and economic information would 
be obtained; all of which would place the 
industry in a good position for rapid scale- 
up. The 1-million-bbl/d goal is rated next 
since production at this level would consti- 
tute a major industry; further rapid deploy- 
ment could then follow. It is rated lower 
than the 400,000-bbl/d scenario because its 
accelerated construction schedule would 
preclude valuable precommercial experi- 
ments and would probably not result in the 
most technically efficient plants. The other 
goals are rated lower because fewer proc- 
esses could be evaluated. 


e To maximize energy supplies.—The bene- 
fits, and thus the ratings, are proportional 
to the production rate. 


¢ To minimize Federal promotion.—The 
100,000-bbl/d target is rated highest be- 
cause it could be achieved by completing 
the presently active projects. The 200,000- 
bbl/d goal probably would require some in- 
centives, and the 400,000-bbl/d one would 
require incentives, a small land exchange, 
and the short-term leasing of a Federal 
R&D facility in Colorado for a demonstra- 
tion project. The 1-million-bbl/d target 
would require much stronger subsidies, ad- 
ditional leasing of public land for a longer 
period, permitting modifications, vari- 
ances, and extensive Federal involvement 
in growth management. 


¢ To maximize ultimate environmental infor- 
mation and protection.—The quantity of 
pollutants and wastes generated will in- 
crease in proportion to the rate of produc- 
tion. Establishing a 1-million-bbl/d industry 
in 10 years would cause the most disturb- 
ance per unit of production because there 
would not be enough time to improve the 
control technologies. The 100,000-bbl/d in- 
dustry is also given a low rating because 
the limited number of technologies tested 
would provide neither extensive informa- 
tion on impacts nor guidance for the im- 
provement of controls and regulations. The 
400,000-bbl/d target would meet the needs 
for information and testing of control tech- 
nologies but would incur a greater environ- 
mental risk per unit of production than 
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To minimize federal promotion 


To maximize environmental information and 


protection 


To maximize the integrity of the social 
environment 


To achieve an efficient and cost-effective 
energy supply system 


Lowest degree of attainment|__ |_| 


SOURCE: Office of Technology Assessment. 


200,000 bbl/d. The latter would maximize 
the attainment of this objective. 


To maximize the integrity of the social en- 
vironment.—The 100,000-bbl/d target is 
rated high because this level of growth 
should be within the physical capacities of 
the communities. The 200,000-bbl/d goal 
would create some strain in the ability of 
the towns to absorb the number of ex- 
pected new residents; the degree of stress 
would depend on the location of the devel- 
opment. Adjusting to the growth associated 
with a 400,000-bbl/d industry would be 
possible if the plantsites were dispersed in 
Utah and Colorado, if plant construction 
were phased, and if preparations for the 
construction of new towns were started at 
once; but there would be a high probability 
that boomtown effects would accompany 
this level of growth. A 1-million-bbl/d indus- 
try would require coordinated growth man- 
agement strategies and extensive financial 
outlays. Severe social disruption could be 
anticipated. 


Figure 11.—The Relative Degree to Which the Production Targets Would Attain the Objectives for Development 


1990 production target, bbI/d 
100,000 200,000 400,000 1million 


Highest degree of attainment 


e To achieve an efficient and cost-effective 
energy supply system.—The 400,000-bbl/d 
target has the highest rating because, 
among other factors, it would provide a 
balance of information generation and 
process development and demonstration. 
The 100,000- and 200,000-bbl/d targets are 
rated lower because only a few technol- 
ogies and sites would be tested. The 1-mil- 
lion-bbl/d industry is also rated low be- 
cause its deployment strategy would poorly 
utilize many of the elements of production. 
Furthermore, the plants might not generate 
sufficient profit capital for subsequent ex- 
pansion. 


An illustration of the need for tradeoffs be- 
tween objectives can be seen at the 1-million- 
bbl/d level. This choice has high attainment of 
the positioning and energy production objec- 
tives (e.g., it would displace about 16 percent 
of the imported oil and reduce the balance of 
payments significantly). However, reaching 
the target requires tradeoffs in all the other 
areas. (For example, it would violate the 
Clean Air Act.) 
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CHAPTER 4 
Background 


uanees Welw yr ey pete ere te i eee 


Introduction 


The United States has obtained energy for 
human comfort, security, and productivity 
from a variety of sources over the past 200 
years. The availability of energy was instru- 
mental in its transformation from a largely 
agricultural society until the late 18th cen- 
tury to a major industrial power in the 20th. 


During all of the 18th century and early 
19th, human muscles and those of beasts of 
burden did most of the useful work. Through- 
out this period, wood was the primary fuel, 
supplemented by relatively small amounts of 
coal, coal oil, whale oil, mechanical energy 
from falling water, and kerosene derived 
from natural petroleum seeps. By the middle 
of the 19th century, coal had become the 
chief fuel and dominated the Nation’s energy 
supply system for about a hundred years. 
Petroleum-based fuels and natural gas en- 
tered the picture after 1859, the year in 
which the first commercial oil well was 
drilled in Pennsylvania. The use of petroleum 
grew rapidly. It was further accelerated by 
the arrival of the automobile age in the early 
1900’s. Natural gas, which was originally 
burned or vented as a waste product from oil 
wells, became a major fuel for domestic, com- 
mercial, and industrial heating by the end of 
World War II. 


By the middle of the 20th century, oil and 
gas had become the leading sources of energy 
in the United States, having displaced coal 
because of their convenience. In 1972, ac- 
cording to the Department of Energy (DOE), 
the Nation’s economy consumed approxi- 
mately 72 Quads of energy from primary 
sources,* of which approximately 46 percent 
was obtained from petroleum, 32 percent 
from natural gas, and 17 percent from coal. 
Relatively small amounts were supplied by 


*One Quad equals 1 quadrillion (10'°) Btu. A primary energy 
source is one that may be converted to another form prior to 
end use. Coal burned for power generation is an example. 


hydroelectric dams, nuclear powerplants, 
geothermal sources, biomass, and other ener- 
gy resources. Wood, once the principal ener- 
gy source for the Nation, was used largely by 
some lumber mills and wood-processing facil- 
ities. 


The Need for a New Energy 
Supply System 


In 1973, Arab oil exporting nations insti- 
tuted an embargo against the United States 
and other nations that supported Israel. Re- 
duced petroleum availability was followed by 
a recession that lasted through 1974 and into 
1975. As a consequence, energy consumption 
declined slightly, bottoming out at about 71 
Quads in 1975. By 1976, energy demand had 
returned to its 1973 level of about 74.5 
Quads/yr. It has continued to rise, although 
somewhat less rapidly than prior to the em- 
bargo. 


In 1978, approximately 78 Quads of energy 
were consumed in the United States—the 
equivalent of 13.4 billion bbl of fuel oil. 
Energy supply patterns had altered slightly 
since 1972. In 1978, petroleum supplied about 
48 percent of the energy, natural gas about 
25 percent, and coal about 18 percent. Geo- 
thermal and biomass use had increased sub- 
stantially, but these resources, together with 
nuclear and hydropower, still provided only 
about 9 percent of the Nation’s energy. 


It is likely that energy consumption will 
continue to rise until conservation strategies 
are adopted by all sectors of the economy. If 
historical growth trends for energy consump- 
tion are followed, the annual energy con- 
sumption will reach 135 Quads by the year 
2000—the equivalent of over 23 billion bbl of 
fuel oil per year or nearly twice the 1978 con- 
sumption. Actual consumption should be con- 
siderably lower, because energy demand is 
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now growing more slowly than in the past. 
Conservation should slow it down further. 


Several implications may be drawn from 
this discussion. First, the United States con- 
sumes enormous amounts of energy. (The 
1978 consumption was equivalent to over 
2,500 gal of fuel oil per citizen per year.) Sec- 
ond, energy demand will continue to rise in 
the near future. Third, the Nation runs on 
fossil fuel, with petroleum satisfying nearly 
50 percent of the total energy demand. 


This last implication is crucial because it 
appears that the United States no longer has 
adequate petroleum reserves of its own. New 
petroleum discoveries peaked in the 1950’s. 
Domestic oil production followed suit in about 
1970, except for the fields in Alaska and on 
the Continental Shelf. Domestic discoveries 
are increasing, at present, because of higher 
oil prices, but it is unlikely that sufficient U.S. 
reserves exist to provide secure supplies be- 
yond the end of the 20th century. Because of 
the inability of domestic petroleum develop- 
ment to keep pace with growing demands for 
liquid fuels, the United States has become in- 
creasingly dependent on imported oil. In 
1978, the United States imported nearly 24 
percent of its total energy supply and nearly 
45 percent of its requirement for crude oil 
and refined petroleum products. A barrel of 
imported petroleum now costs five to six 
times as much as it did in 1972. 


The short-term reliability of imported oil 
supplies is very uncertain, as exemplified by 
disruptions arising from the Suez crisis of 
1956, the Arab-Israeli War of 1967, the Arab 
oil embargos of 1973 and 1974, and the pres- 
ent Iranian situation. Long-term reliability is 
also questionable because worldwide oil pro- 
duction is expected to peak within the next 
few decades and to decline rapidly there- 
after. Eventually, it may be impossible to im- 
port oil at any price. 


Growing reliance on increasingly scarce 
and expensive energy imports has had many 
adverse effects. Some of the economic im- 
pacts (such as balance-of-payments deficits) 
can be quantified with some degree of preci- 


sion. Other, less tangible effects (such as 
threats to national security and the social 
and economic impacts of supply disruptions), 
although more difficult to quantify may prove 
to be much more significant. It has become 
apparent that an energy supply system needs 
to be evolved that is more appropriate to the 
Nation’s present and projected needs and in- 
ternal resources. Just as wood was displaced 
by coal, coal by domestic petroleum and gas, 
and domestic petroleum by imported oil, it ap- 
pears that imported energy must be replaced 
by new sources of domestic energy. 


An initial step in developing a new energy 
supply system should involve formulating a 
comprehensive policy that reduces demand 
through conservation, increases availability 
from domestic resources, and restricts im- 
ports. Conservation must be an important ele- 
ment of any such policy. However, there are 
limits to the savings that can be accomplished 
through conservation. Thus, it appears that it 
will be necessary to develop new energy re- 
sources. Potential sources include additional 
reserves of conventional oil and gas, en- 
hanced oil recovery, expanded coal develop- 
ment, solar-thermal and photovoltaics, wind 
energy, tidal energy, ocean thermal gradi- 
ents, increased nuclear fission for power gen- 
eration, nuclear fusion, biomass combustion, 
and the recovery of synthetic liquid and gas- 
eous fuels by the conversion of coal, tar 
sands, biomass, and oil shale. The challenge 
is to derive optimal combinations of these 
sources which, when coupled with conserva- 
tion and restricted imports, will provide suffi- 
cient energy for future economic growth and 
development, while simultaneously protecting 
the Nation’s physical and social environ- 
ments. 


The Purpose and Organization 
of This Chapter 


As noted in the Introduction to this report, 
this assessment is concerned with only one of 
the Nation’s energy supply opportunities, oil 
shale—specifically with deposits in the Green 
River formation of Colorado, Utah, and Wyo- 


~ 


ming. Although the oil shale literature is ex- 
j\tensive, the information is inadequate con- 
cerning certain environmental, socioeconom- 
j\ic, technological, and financial aspects of oil 
‘shale development. However, the assess- 
iment’s overall analysis has been facilitated 
| by the extensive body of background informa- 
j/tion acquired during the Nation’s long but 
sporadic involvement with oil shale as an 
energy resource. The purpose of this chapter 
is to organize this background information 
into a supporting framework for the detailed 
janalyses found in subsequent chapters. The 
| following subjects are discussed: 


e the location and extent of the oil shale 
resources of the United States and for- 
eign nations; 


The Genesis of Oil Shale 


Oil shale is a sedimentary rock that con- 
| tains organic matter, which although not ap- 
preciably soluble in conventional petroleum 
solvents can be converted to soluble liquids 
‘by heating. Oil shale was formed in the dis- 
'tant past by the simultaneous deposition of 
mineral silt and organic debris on lakebeds 
land sea bottoms. As the raw materials accu- 
|mulated, heat and pressure transformed 
‘them into a stable mixture of inorganic miner- 
jials and solidified organic sludge. The forma- 
j\tion processes that yielded petroleum, tar 
jisands, and coal were conceptually similar, 
| but differed with respect to key physical and 
|'\chemical conditions. In oil shale, these condi- 
|tions resulted in the formation of chemical 
|\bonds between individual organic molecules. 
| The large size of the molecules formed by this 
|\bonding prevents them from dissolving in nor- 
‘mal solvents. When heated in processes 
known as pyrolysis and destructive distilla- 
‘tion, the bonds rupture forming smaller liquid 
or gaseous molecules. These can then be sep- 
‘arated from the inorganic matrix, which re- 
mains behind as the spent shale waste prod- 
‘uct. 


Oil Shale Resources 
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e the characteristics of the resource re- 
gion in Colorado, Utah, and Wyoming, in- 
cluding brief descriptions of the geogra- 
phy, the geology, the climate, and the 
physical and social environments; 


e the potential applications for materials 
derived from the Green River oil shales, 
including oil, fuel gases, minerals, and 
spent shale; and 


e the history and status of development ef- 
forts in the United States and other 
countries, with emphasis on the efforts 
currently underway in the Green River 
formation. 


Photo credit: Department of the Interior 


Oil shale sample showing layers of organic composition 


Worldwide Deposits 


Oil shale deposits have been found on all of 
the inhabited continents. The extent of the 
worldwide resources cannot be accurately 
determined, but it appears to be very large in- 
deed. In 1965, the U.S. Geological Survey 
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(USGS) estimated that the world’s oil shale 
deposits comprised over 4 quadrillion tons, 
having a total potential shale oil yield of over 
2 quadrillion bbl. If all of this oil were ex- 
tracted and distributed among the world’s 
residents, each person would receive about 
600,000 bbl. However, the spent shale waste 
would cover the entire surface of the world, 
land areas and oceans included, to a depth of 
about 10 ft. 


The deposits in Asia contain the largest 
amount of potential shale oil resources, over 
700 trillion bbl; Africa is second, with nearly 
500 trillion bbl; North America contains over 
300 trillion bbl; South America (principally 
Brazil) about 250 trillion bbl; Europe has 
about 170 trillion bbl; and Australia and New 
Zealand together have only about 120 trillion 
bbl. 


Many of the world’s deposits have been 
subjected to commercial-scale development 
at various times in the past. Those in Scot- 
land, France, Germany, Australia, Sweden, 
Spain, and South Africa are of historical in- 
terest because of the industries that once 
flourished in those countries. The deposits in 
Estonia, Manchuria, Brazil, and Morocco are 
of current interest because they are the sites 
of present or projected commercial develop- 
ment. 


Deposits in the United States 
Overview 


The oil shale deposits in the United States 
are shown in figure 12, and their theoretical 
shale oil yields are given in table 13. The de- 
posits in the Green River formation in Colora- 
do, Utah, and Wyoming are particularly note- 
worthy because they contain the largest con- 
centration of potential shale oil in the world. 
Because deposits in the Central and Eastern 
United States underlie a larger area, they ap- 
pear more impressive on maps than do those 
of the Green River. However, they contain 
less than half the oil shale in the Green River 
formation, and do not yield as much oil on a 
unit basis because of a lower proportion of 


hydrogen to carbon in their organic compo- 
nent. 


Some of the eastern shales have attracted 
interest because of the natural gas resources 
locked within the shale formations. DOE is 
presently supporting a research and develop- 
ment (R&D) program to evaluate the potential 
of eastern shales for producing this fuel, with 
special attention given to stimulating gas pro- 
duction from the Devonian shales that occur 


in and around eastern Ohio and the western | 


part of West Virginia. The Antrim shales in 


southern Michigan are also being investi- | 


gated as potential sources of synthetic pipe- 
line gas, which would be obtained by under- 
ground gasification methods. DOE is also 
investigating the Chattanooga oil shales in 
Tennessee and Kentucky. In addition to their 


organic component these shales contain low- | 


grade uranium and thorium ores. But they do 
not appear to have much commercial poten- 


tial because the beds are thin and unfavor- | 
ably located, and ore concentrations are very | 


low. 


The Green River Formation 


The Green River formation is a geologic en- 


tity underlying some 34,000 mi’ of terrain in | 
northwestern Colorado, southwestern Wyo- | 
ming, and northeastern Utah. (See figure 13.) 
The formation has been divided into several 


distinct geologic basins. The Green River, 


Great Divide, and Washakie basins occur pri- | 
marily in Wyoming. Together with the Sand — 
Wash basin in northern Colorado, these ba- | 


sins underlie about 14,000 mi?. About 35 mil- 


lion years ago they were occupied by a single | 


large and long-lasting freshwater lake. 


The Uinta basin in northeastern Utah and 
northwestern Colorado and the Piceance ba- | 
sin in Colorado underlie about 20,000 mi? of | 
terrain, and were once occupied by a second | 


freshwater lake. Most of Colorado’s Piceance — 


basin lies north of the Colorado River, but it | 
includes oil shale deposits within Battlement — 
Mesa and Grand Mesa on the south side of — 
the river. Colorado oil shale also occurs in the | 
Sand Wash basin, which is north of the Pice- 


ance basin near the Wyoming border. 
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Figure 12.—Oil Shale Deposits of the United States 


Table 13.—Potential Shale Oil in Place in the Oil 
Shale Deposits of the United States (billions of barrels) 


Range of shale oil yields, 
gallons per ton 


Location Sar 0Am 10-254" 251-1008 
Colorado, Utah, and Wyoming (the 
Green River formation) ......... 4,000 2,800 1,200 


Central and Eastern States (includes 
Antrim, Chattanooga, Devonian, and 


AAP SUIEIES eee eee 2,000 1,000 (2) 
SG. » ae ee Large 200 250 
POMCMOCDOSIS 62. cee eee 134,000 22,500 (?) 

MOLL, ah oe See oe an 140,000+ 26,000 2,000(?) 


Order of magnitude estimate. Includes known deposits, extrapolation and interpolation of known 
deposits, and anticipated deposits. 


Data from: D. C. Duncan and V. E. Swanson, Organic-Rich Shales of the United States and 
World Land Areas, U.S. Geological Survey Circular 523, 1965. 


Oil shale resources have been found under 
some 17,000 mi?, or 11 million acres, of the 
basins of the Green River formation. The 
principal deposits are found in the Piceance, 


63-898 0 - 80 - 7 


EXPLANATION 


a) 


Tertiary deposits 
Green River Formation in 
Colorado, Utah, and Wyoming; 
Monterey Formation, California; 
middle Tertiary deposits in 
Montana. Black areas are 
known high-grade deposits. 


Mesozoic deposits 
Marine shale in Alaska 


e 


Permian deposits 
Phosphoria Formation, 
Montana 


Devonian and Mississippian 
deposits (resource estimates 
included for hatchured areas 
only). Boundary dashed 
where concealed or where 
location is uncertain. 


Uinta, Green River, and Washakie basins. 
These areas, and in particular the Piceance 
basin, are among the most intensely explored 
geologic regions in the United States. The U.S. 
Bureau of Mines (USBM), USGS, and private 
industry have drilled hundreds of exploratory 
coreholes into the basin rocks. The earliest of 
USBM’s efforts took place during World War 
II. As a result, there is a considerable body of 
geological information about some areas of 
the deposits. Other deposits, particularly 
near the fringes of the Uinta basin and the ba- 
sins in Wyoming, are still largely unexplored. 


To comprehend the potential value of the 
oil shale in the Green River formation, it is 
necessary to distinguish among deposits, re- 
sources, and reserves. A deposit is simply a 
natural accumulation. A resource is a natu- 
rally occurring substance with properties 
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Figure 13.—Oil Shale Deposits of the Green River Formation 
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EXPLANATION 
Area underlain by the Green River Formation Area underlain by oil shale more than 
in which the oil shale is unappraised or 10 feet thick, which yields 25 gallons 
low grade. or more oil per ton of shale. 


SOURCE: D. C. Duncan and V. E. Swanson, Organic-Rich Shales of the United States and World Land Areas, U.S. Geological Survey Circular 523, 1965. 


that can be put to use. A reserve is the equiv- mercial development. However, if the cost of 
alent of money in the bank. All of the rocks in extracting fuels from the resource is greater 
the Green River formation occur in deposits. than the value of the fuels obtained, the re- 
Some of the deposits are also resources be- source is not a reserve. Reserves exist only 


cause they contain sufficient oil shale, which when the resource can be extracted and 
when properly manipulated can yield useful processed to yield products that can be mar- 
fuels to warrant being considered for com- keted at a profit. 


The total oil shale deposits of the Green 

River formation contain, in place,* the equiv- 
alent of over 8 trillion bbl of crude shale oil, 

including all rocks that would yield from 5 to 

100 gal/ton of oil on destructive distillation. 
However, many of these deposits are too thin, 
too deeply buried, or too low in oil yield to be 

‘included in a survey of oil shale resources, 
because it would not be economically feasible 
to develop them. 


In table 14, the quality of the Green River 
shale is evaluated according to thickness and 
potential oil yield. Only deposits that yield at 
least 15 gal/ton and are at least 15 ft thick are 
considered even marginally attractive. This 
group includes shales containing as much as 
1.4 trillion bbl of shale oil in place. The high- 
grade shales are further defined as shale 
beds that are at least 100 ft thick that would 
yield at least 30 gal/ton. Their in-place oil con- 
tent is an additional 0.4 trillion bbl, for a total 
shale oil resource of about 1.8 trillion bbl, in 
place. 


The extent of the oil shale reserves cannot 
_be determined at present. Resources can be 
regarded as reserves only when processes for 
developing them appear to be economically 
feasible. This has yet to be demonstrated for 
oil shale processes. However, several at- 
tempts have been made to delineate particu- 
lar Green River resources that would present 
a greater potential for profitable extraction. 
In 1972, the National Petroleum Council 
(NPC) used published geological data to clas- 
sify the shale beds according to thickness and 


*The term “‘in place’ is used to indicate the quantity of oil 
that would be created if the shale were retorted. As noted, oil 
shale deposits contain essentially no oil as such. 
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richness, accessibility to underground min- 
ing, and the extent to which they had been ex- 
plored. A summary of the results appears in 
table 15. Data are presented for four classes 
of oil shale resources. Classes 1 and 2 were 
considered economically attractive for ex- 
isting aboveground recovery technologies. 
They include only the more favorably located 
and better defined shale beds, which are at 
least 30 ft thick and would yield at least 30 
gal/ton. These two classes contain about 130 
billion bbl of shale oil, in place. The shales in 
class 3 might also be economically attractive, 
but they are less well-defined, and their unfa- 
vorable locations could hinder commercial 
development. Class 3 shales contain about 
186 billion bbl. The bulk of the Green River 
resources are in class 4, which includes 
lower grade, poorly defined, and unfavorably 
located deposits. Class 4 shales contain near- 
ly 1.5 trillion bbl. Some of the deposits in 
classes 3 and 4 may be suitable only for in 
situ processing. 


The total estimate shown in table 15 (about 
1.8 trillion bbl) agrees well with the total 
shown in table 14. However, the higher quali- 
ty resources in the first three classes contain 
only 315 billion bbl, which is about 2 percent 
of the total estimated. The potential yield of 
these deposits can be estimated by taking into 
consideration the inevitable losses that would 
occur during mining and processing. Conven- 
tional underground mining methods can re- 
cover from 60 to 70 percent of the oil shale in 
a mining zone; large-scale aboveground min- 
ing can recover about 90 percent. Processing 
the mined ore in aboveground retorts recov- 
ers approximately 90 to 100 percent of the oil 
that would be recovered if the shale were dis- 


Table 14.—Potential Shale Oil in Place in the Green River Formation: Colorado, Utah, and Wyoming 
(billions of barrels) 


Nature of the deposit Colorado Utah Wyoming Total 
At least 100 ft thick with oil yields averaging at least 30 gal/ton.... 355 50 13 418 
At least 15 ft thick with oil yields averaging at least 15 gal/ton, 
excluding the deposits shown above .................04.. 840 270 290 1,400 
OLAS OURO TR. Ne. OP Set. Saved eae eee caw eRe 1,200 320 300 1,820 


SOURCE: W. C. Culbertson and J. K. Pitman, ‘‘Oil Shale,"’ in United States Mineral Resources, U.S. Geological Survey Professional Paper 820, 1973, 


pp. 497-503. 
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Table 15.—Potential Shale Oil Resources of the Green River Formation (billions of barrels) 


Location 


Piceance basin (Colorado)................. 
Uinta basin (Utah and Colorado) 
Wyoming) DasinSit #5 Gy cci:iaee atone caters tee ae 


Resource class@ 


Totals: 2422s .. Ase ee ee 


4 1: Deposits at least 30 ft thick and averaging 35 gal/ton. 
2: Deposits at least 30 ft thick and averaging 30 gal/ton. 


1 2 3 4 Total 
34 83 167 916 1,200 
_ 12 is 294 321 
— — 4 256 260 
34 95 186 1,466 1,781 


3: Deposits similar to classes 1 and 2 but less well defined and not as favorabley located. 


4: Poorly defined deposits, ranging down to 15 gal/ton. 


SOURCE: ‘‘An Initial Appraisal by the Oil Shale Task Group 1971-1985,’’ U.S. Energy Outlook—An Interim Report, The National Petroleum Council, 


Washington, D.C., 1972. 


tilled under carefully controlled laboratory 
conditions. If it is assumed that about 60 per- 
cent of the oil in the shale deposits could be 
recovered, the resources in classes 1 through 
3 could yield 189 billion bbl of crude shale oil. 


The projected yield of 189 billion bbl of 
shale oil is only a small fraction of the total 
potential yield estimated—1.8 trillion bbl. It 
is very small compared with the total in-place 
shale oil content of the Green River deposits 
(some 8 trillion bbl). To put the figure in a 
meaningful perspective, the United States 
consumed about 6.5 billion bbl of crude petro- 
leum in 1978, of which about 2.8 billion bbl of 
crude oil and refined products were im- 
ported. At the 1978 consumption levels, the 
higher quality Green River resources have 
the potential to supply all of the Nation’s 
crude oil needs for 29 years or to replace im- 
ports for nearly 68 years. Looked at another 
way, the resources in the first three classes 
could sustain a 1-million-bbl/d shale oil in- 
dustry for over 500 years. The class 1 re- 
sources in Colorado’s Piceance basin alone 
could supply it for nearly 56 years. 


With existing data, a preliminary evalua- 
tion of the Green River resources can be 
made with respect to their promise of com- 
mercial development, but the actual reserve 
value is still highly uncertain. It is likely that 
some of the deposits could not be developed 
without unacceptably damaging the environ- 


ment. It is also possible that some favorably 
located resources could not be developed be- 
cause of particular geotechnical characteris- 
tics (such as highly fractured ore zones or the 
presence of excessive amounts of ground wa- 
ter) that were not considered in NPC’s anal- 
ysis. In any case, the economic aspects of de- 
velopment are not well-understood because 
large-scale technologies have not as yet been 
built and operated. As previously observed, 
the key criterion in estimating reserves is eco- 
nomic feasibility. 


If all the above factors were given careful 
consideration, it is possible that actual re- 
serves would be very small. On the other 
hand, it is also possible that an evaluation of 
the potential of known resources for in situ 
processing along with additional exploration 
and research, could increase the reserve esti- 
mate. There are deficiencies in the NPC esti- 
mate that largely reflect the current status of 
technical and geological knowledge. For ex- 
ample, over 75 percent of the Uinta basin de- 
posits were placed in class 4 because they 
have not been as thoroughly explored as 
those of the Piceance basin. The analysis also 
downgraded deposits that are not well-suited 
to mining and aboveground retorting but 
might be ideal for underground processing. If 
the survey were revised in the light of present 
knowledge, it is possible that the reserve esti- 
mate would be substantially increased. 
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Description of the Oil Shale Resource Region 


Location 


The oil shale deposits of the Green River 
formation underlie about 17,000 mi? of ter- 
rain in northwestern Colorado, northeastern 
Utah, and southwestern Wyoming.* Major 
settlements in the area and major tributaries 
that drain the region’s watershed into the 
Colorado River system are shown in figure 14. 


Topography and Geology 


At the time of their deposition, the oil shale 
basins probably resembled the fairly uniform 
topography of continuous lakebeds. Tectonic 
upheavals have since elevated them, and sub- 
stantial erosion by wind and water have al- 
tered their terrain. Today, most of the oil 
shale region is very rugged country. The to- 
pography of both the Uinta and Piceance ba- 
sins is typified by rolling plateaus, cliffs, and 
canyons. The elevation ranges from approxi- 
mately 4,300 ft above sea level along the 
Green River in the Uinta basin to more than 
9,000 ft at a point near the southeastern edge 
of the Piceance basin. This irregular topogra- 
phy strongly influences such characteristics 
as climate, air motion and dispersion pat- 
terns, and the duration of the growing sea- 
son. 


The various mountain systems surrounding 
the area of the Green River formation are 
shown in figure 15, and the general topo- 
graphic relief of the Piceance basin north of 
the Colorado River in figure 16. This figure 
does not show Battlement Mesa and Grand 
Mesa, which lie to the south of the Colorado 
River. These are part of the Piceance struc- 
tural basin, but the characteristics of their oil 
shale resources are not well known. 


The main part of the Piceance basin is 
bounded by the White River on the north, by 
the Grand Hogback on the east, by the Roan 
Cliffs on the south, and by Douglas Creek and 
the Cathedral Bluffs on the west. Within the 
basin are topographically high areas such as 


*This area is slightly larger than Vermont and New Hamp- 
shire combined. 


the Roan Plateau, which is relatively flat but 
severely eroded by stream courses. 


The southern escarpments (steep cliffs) 
that overlook the valleys of the Colorado and 
Green Rivers are the most spectacular fea- 
tures of both the Piceance and Uinta basins. 
At several locations these sheer cliffs rise to 
heights of 4,000 ft above the adjacent river 
valleys. They are nearly continuous for a dis- 
tance of some 200 miles from the intersection 
of the Roan Cliffs with the Grand Hogback 
near Rifle along the Cathedral Bluffs on the 
western side of the Piceance basin, to the in- 
tersection of the Book Cliffs with the Wasatch 
Plateau at the western tip of the Uinta basin. 


Escarpments along tributary canyons are 
similarly impressive. The topography along 
one stretch of Parachute Creek in the Pice- 
ance basin is depicted in figure 17.* At the 
location shown, the maximum elevation is ap- 
proximately 8,100 ft above sea level at the 
ridge of the escarpment, and the minimum 
elevation is about 6,100 ft in the adjacent bed 
of Parachute Creek. The topography in other 
tributary canyons is similar. For example, the 
Roan Creek Valley (near the southern edge of 
the Piceance basin) is more than 30 miles long 
and from 2,000 to 3,000 ft deep. The Federal 
oil shale lease tracts are located in less 
eroded areas of the basin, and their topo- 
graphic relief is much less dramatic. On tract 
C-a, for example, the average difference in 
elevation between valley floors and nearby 
ridge tops is only about 300 to 600 ft. 


Figure 18 is an idealized cross section of 
the Piceance basin that shows the strati- 
graphic relationships between the various 
structural members of the Green River forma- 
tion, the overlying Uinta formation, and the 
underlying Wasatch formation.** The bound- 


*The Parachute Creek valley was the site of two oil shale de- 
velopment projects in the 1950’s and 1960's, and additional 
projects are currently being considered for the same locations. 

**The Uinta formation was previously called the Evacuation 
Creek member of the Green River formation in this area. See: 
C. W. Keighin, ‘‘Resource Appraisal of Oil Shale in the Green 
River Formation, Piceance Creek Basin, Colorado,’’ Quarterly 
of the Colorado School of Mines, vol. 70, No. 3, July 1975, pp. 
57-68. 
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Figure 14.—The Oil Shale Resource Region of the Green River Formation: Colorado, Utah, and Wyoming 
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Figure 15.—Major Mountain Systems in the Vicinity of the Green River Formation 
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|.aries of these members, which are visible 
| along Parachute Creek, were shown in figure 
| 17. The Green River formation is about 3,000 
ft thick near the center of the basin. 


The top strata of the section comprise the 
Uinta formation, which underlies the sur- 
faces of high plateaus in the Piceance basin. 
| The Uinta is largely barren sandstone and 
siltstone with some interbedded oil shale. 


Below the Uinta, at a depth of 500 to 1,000 ft, 
is the Parachute Creek member of the Green 
River formation, which is almost entirely oil 
shale marlstone with occasional beds of vol- 
canic material (tuff) and sandstone. Near the 
basin’s depositional center, the Parachute 
Creek member contains scattered deposits of 
the minerals dawsonite, nahcolite, and halite. 
Dawsonite, which contains aluminum, is oc- 
casionally found in thin layers between the oil 
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Figure 16.— Topographic Relief of the Piceance Basin, Colo. 
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SOURCE: Golder Associates, Inc., Water Management in Oil Shale Mining, September 1977, NTIS No. PB-276 086, p. 73. 


shale beds. More commonly it occurs as mi- 
croscopic crystals disseminated throughout 
the oil shale. Nahcolite is sodium bicarbon- 
ate. It is a source of soda ash, a raw material 
for glassmaking, and may also be used to 
remove sulfur dioxide from stack gases. 
Halite is sodium chloride, from which table 
salt is made. The Parachute Creek member 
also includes the Mahogany Zone, which con- 
tains oil shale yielding up to 70 gal/ton. Below 
the Mahogany Zone, near the center of the 
basin, is a region from which soluble sodium 
salts have been leached out by the ground 
water flows and which now contains saline 
ground water. Near the bottom of the Para- 
chute Creek member is the ‘‘saline zone,”’ 
which contains high concentrations of nahco- 
lite and other sodium salts that have not been 
leached. 


The lower extremities of the Garden Gulch 
and Douglas Creek members, which underlie 
the Parachute Creek member, roughly coin- 
cide with the bottom of the ancient lake on 
which the raw materials for the Green River 
oil shales accumulated. The upper 200 to 300 
ft of the Garden Gulch member contain clay 
beds and deposits of shale having an appre- 
ciable organic content.' The Garden Gulch 
shales are true shales in that their primary 
inorganic components are aluminum-contain- 
ing illite clays, unlike the oil shales of Para- 
chute Creek, which are primarily composed 
of dolomite (calcium and magnesium carbon- 
ate) rocks. Below the Douglas Creek member 
is the Wasatch formation, which is largely 
barren sandstone and mudstone. The Wa- 
satch rocks generally form valley floors 
throughout much of the Piceance basin. They 
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Figure 17.—Stratigraphy and Landform Units Along Parachute Creek, Piceance Basin, Colo. 
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Figure 18.—Idealized Cross Section of the Piceance Basin, Colo. 
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do not contain any oil shale of commercial in- 
terest. 


Variations in the properties of the various 
strata have had significant effects on the top- 
ographic relief of the region. The Uinta for- 
mation sandstones cover the oil shale depos- 
its over much of the Piceance basin. Over the 
past several million years, outcrops of the 
Uinta rocks have weathered considerably. 
The organic-rich oil shale zones of the under- 
lying Parachute Creek member, however, 
have been much more resistant to weather- 
ing. The Mahogany Zone of the Parachute 
Creek member is an outstanding example. It 
is from 10 to 225 ft thick, contains oil shale 
that has, in general, a high organic content, 
and underlies an area of more than 1,200 mi’ 
in the Piceance basin. It also extends into the 
neighboring Uinta basin.* Oil shale beds im- 


*Green River oil shale has a laminar appearance because of 
variations in the organic content of adjacent strata. Polished 
sections of the richer beds resemble mahogany wood. Most oil 
shale projects in the near term will be focused on the rich 
shales of the Mahogany Zone. The other potential source of 
rich oil shale, the Garden Gulch member, is probably too deep 
for near-term commercial development. 


mediately above and below the Mahogany 
Zone are lower in organic content and less 
resistant to weathering. Where the zone out- 
crops along tributary canyons, its richer 
shales have resisted erosion, but the leaner 
surrounding shales have not. Consequently, 
the outcropping fringe of the zone is often 
highly visible as an overhanging prominence 
known as the Mahogany Ledge, which ap- 
pears in most areas as a dark band along the 
escarpment, as shown near the top of figure 
Ls 


Gradual deterioration of the ledge has re- 
sulted in rockfalls and the formation of talus 
(debris) slopes between the bottom of the 
ledge and the river valley below. Such slopes 
were indicated in figure 17 as slip and rock- 
fall terrain. They are steep and unstable, par- 
ticularly if naturally or artificially undercut. 
Because talus slopes are naturally unstable 
and lack sufficient permanent topsoil, they do 
not provide favorable growing conditions for 
most types of vegetation. However, varying 
amounts and kinds of vegetation can grow on 
some slopes depending on their aspect and 
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' the available moisture. The north-facing 
slopes generally have fairly abundant vegeta- 
tion; the south-facing slopes much less. 


Climate and Meteorology 


- Climate 


The climate of the oil shale region is clas- 
sified on the whole as semiarid to arid. An- 
nual precipitation varies from approximately 
7 inches in the Wyoming plains to approxi- 
mately 24 inches in the high plateaus of the 
Piceance basin. Most of this occurs as snow- 
fall. Snowpack, which commonly exceeds 30 
inches on protected slopes, provides surface 
runoff during the spring. Summer and fall are 
' usually dry, but there are short, heavy thun- 
derstorms occasionally during the late sum- 
mer months. These can cause flash flooding 
in low-lying areas. Relative humidity is gener- 
--ally low to moderate, with high evaporation 
rates throughout the region. Because of the 
| region’s abundant sunshine, most valley 
| floors and south-facing slopes are usually not 
covered with snow during winter. 


Average temperatures are generally mod- 
erate, but maximum daytime temperatures 
can reach 100° F (38° C) at lower elevations 
during midsummer, and winter temperatures 
| may drop to —40° F (—40° C) at higher eleva- 
_ tions. The number of frost-free days varies 
' from 50 at higher elevations to 125 at lower 
elevations. The limited rainfall and low rela- 
tive humidity coupled with the short growing 
season restrict the agricultural use of tillable 
areas. Some forage crops are produced along 
the tributary valleys within the basins, but 
most food crops are grown outside of the ba- 
sin along major rivers where adequate irriga- 
tion water is available. 


Meteorology 


The meteorology of the oil shale region in 
Colorado is typified by year-round gradient 
winds from the west that are interrupted only 
by the passage of frontal systems. Migratory 


low-pressure systems are frequently de- 
flected around the entire region by the Sierra 
Nevadas to the west and the Rocky Moun- 
tains to the east. Stagnant high-pressure cells 
sometimes persist for days over the basins, 
their passage blocked by the surrounding 
high mountains. Adjacent mountain ranges 
also contribute to the region’s dry climate. 
Moist air from the Gulf of Mexico is blocked 
by the Rocky Mountains, while moist air from 
the Pacific is blocked by the Sierra Nevadas. 
Flows from both directions lose most of their 
moisture before reaching the oil shale area. 
The frequent presence of dry, high-pressure 
air cells over the basins causes an abundance 
of clear sunny days with light winds and 
large differences between daytime and night- 
time temperatures. 


Air Patterns 


Localized wind patterns and other meteor- 
ological conditions are very sensitive to topog- 
raphy and elevation. For example, in the Pice- 
ance basin, shielding by the Cathedral Bluffs, 
the gentle downward slope of the basin to the 
northeast quadrant and the existence of deep 
gullies, effectively channel surface wind 
flows and decouple them from the prevailing 
gradient winds. The shielding effect is pro- 
vided by the sheer escarpment of the Cathe- 
dral Bluffs and Roan Cliffs along the southern 
and western edges of the basin. When pre- 
vailing winds encounter the bluffs they must 
rise approximately 3,000 ft to clear the upper 
ridges. The rising air increases in speed and 
generates turbulent eddies whose duration is 
enhanced by the downward slope of the ba- 
sin’s upper surface. The shielding of the es- 
carpments combined with the basin’s down- 
slope minimizes the effect of gradient winds 
on surface wind patterns except along very 
high ridges and plateaus. Airflows in the Col- 
orado River valley, in tributary canyons, and 
along the valleys and low hills atop the Roan 
Plateau are almost entirely determined by lo- 
cal topography. They follow a drainage-wind 
pattern and are nearly independent of the be- 
havior of prevailing gradient winds aloft. 
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The Mountain-Valley Breeze System 


The predominance of drainage-wind pat- 
terns is exemplified by the mountain-valley 
breeze system that has been observed on both 
Federal oil shale lease tracts in Colorado. The 
phenomenon is characterized by gentle down- 
valley air flows beginning around sunset and 
prevailing for about 10 hours in winter, fol- 
lowed by gentle up-valley flows starting at 
midmorning. On clear nights, when the upper 
atmosphere is stable, layers of dense, cold air 
form near ground level. Any cold air that 
enters the valley along adjacent slopes will 
tend to flow downslope into the stagnant cold 
layer. In the early morning, sunlight gradual- 
ly warms the surrounding slopes. The cold air 
then disperses and flows upslope to become 
entrained in the prevailing gradient winds. At 
various times during the day and night, cir- 
cular flow patterns and eddies may prevail 
within the valley, but they will not carry air 
from the valley unless gradient winds along 
the upper ridges are quite strong.’ 


Thermal Inversions and Their Implications 


The mountain-valley breeze system often 
causes a layer of cold stagnant air to form 
below a layer of warm air—a thermal inver- 
sion. Such inversions exacerbate air pollution 
problems. There is little air transport out of 
the cold layer, and pollutants emitted near 
ground level will tend to accumulate there. In- 
versions are usually broken by surface heat- 
ing during the daylight hours, but under cer- 
tain adverse conditions they may prevail for 
several days. Valleys with broad floors are 
especially susceptible, particularly after a 
snowfall. Snow cover reflects sunlight and in- 
hibits the warming of the stagnant layer dur- 
ing the day, thus reducing the upward flow of 
warm air that is essential to disruption of the 
inversion. At night, the exposed snow surface 
enhances the downward flow of air from the 
valley ridges, thus increasing the thickness of 
the inversion layer. 


Studies have shown that Grand Junction, 
Colo., which is located outside of the oil shale 
basins, experiences one of the highest inver- 


sion frequencies in the United States. The in- 
versions occur most frequently during the 
winter and persist over 50 percent of the time 
in the fall and winter months. Inversions 
might be expected to occur less frequently on 
the slopes and plateaus of the Piceance basin. 
However, it has been predicted that inversion 
episodes lasting from 3 to 6 days could occur 
at least once a year over the entire region.° 
Recent investigations performed on the Fed- 
eral lease tracts have concluded that the pol- 
lutant dispersion potential of the basin is 
good when contaminated air is released 
above the higher plateaus, and relatively 
poor when fumes are released into the val- 
leys. The same studies have predicted that 
trapping inversions,* such as are associated 
with the mountain-valley breeze system, 
should seldom persist longer than 24 hours. 


Plants and Animals 


The Green River formation underlies a 
large area. Its soil characteristics show con- 
siderable variation over this area. In com- 
bination with climate, meteorology, and to- 
pography, soil characteristics largely deter- 
mine the types of plant communities that can 
be supported. These, in turn, influence the 
diverse animal species that feed directly or 
indirectly on them. 


Plants 


The vegetation of the region is highly di- 
verse, and its makeup is strongly affected by 
elevation. Most of the broader stream valleys 
in the region contain fertile alluvial (flood- 
plain) soils that support relatively luxuriant 
growths of cottonwood, shrubs, and other 
species. In contrast, the surfaces of steep 
slopes and some upper plateaus are bare 
rocks and ledges with little or no soil develop- 
ment. Vegetation is often absent or at best 
quite sparse in such areas, especially in some 
plateaus in Utah and Wyoming and in the Pi- 
ceance basin where the saline rocks of the 


*A trapping inversion is one that traps contaminated air re- 
gardless of the temperature at which the contaminants are re- 
leased from their source. 
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Garden Gulch member are exposed. Some 
gently sloping upland areas contain thin and 
poorly developed soils with occasional local- 
ized strips of alluvium. Plant cover in these lo- 
cations varies from very sparse in the poorer 
areas to relatively abundant over the alluvial 
deposits. In general, the extent of vegetation 
is strongly influenced by aspect. South-facing 
slopes have much less vegetation because 
their greater exposure to sunlight acceler- 
ates the evaporation of critical moisture. 


In the high plains of southwestern Wyo- 
ming, soils are usually thin and dry, and vege- 
tation is predominantly saltbrush-grease- 
wood and related shrubs. There are limited 
areas of Douglas fir forests and mountain ma- 
hogany woodlands in the northern fringes of 
the Green River and Washakie basins. Soils 
are somewhat thicker in the Uinta basin, but 
the arid climate inhibits plant growth except 
along the valleys of the major rivers. Salt- 
brush-greasewood and other shrubs domi- 
nate, but there are occasional stands of 
mountain mahogany, oak shrub, pine, and fir. 


In the Piceance basin, shrublands and 
woodlands also dominate, and forestlands 
are sparse. Shrubland plants consist primari- 
ly of mixed shrubs on moist soils at higher 
elevations and sagebrush, which dominates 
in all dry soils. Woodlands occur in thinner 
soils at lower elevations, and are dominated 
by pinyon pine and juniper, except where 
grazing and other disruptions have allowed 
intrusions of brushes and grasses. Forests 
are primarily cottonwood along streams at 
lower elevations, and Douglas fir and aspen 
on northern and eastern slopes at higher 
elevations. 


Overall, plant life in the Green River for- 
mation area is less abundant than in other 
regions that have ample rainfall and less 
rugged terrain. However, the area contains 
diverse plant communities that are well 
adapted to their environment. Some of the 
communities in the Piceance basin were stud- 
ied by the developers of Federal lease tracts 
C-a and C-b as part of the baseline-monitoring 
function required for the preparation of de- 
tailed development plans. The baseline stud- 


ies included a census of existing plant species 
and a determination of the structural charac- 
teristics and successional status of plant com- 
munities. The results of these studies provide 
an indication of the diversity of plant life in 
the vicinity of proposed oil shale development 
sites. 


The plants identified on tract C-a included 
5 types of trees, 36 shrub species, and 168 
herbaceous species, of which 44 were classi- 
fied as grass or grass-like. One of the plants, 
dragon milkvetch, is on the Smithsonian In- 
stitution’s list of endangered plant species. 
However, the species is not considered 
threatened in Colorado.? On tract C-b, 37 
types of trees, shrubs, and vines were identi- 
fied, together with 137 species of herbs. 
Vegetation community types included pinyon- 
juniper woodlands and rangelands, upland 
and valley sagebrush, Douglas fir forests and 
aspen woodlands, mixed mountain shrub- 
lands, marshes, riparian areas, agricultural 
fields, mountain grasslands and communities 
dominated by bunchgrass, Great Basin wild 
rye, rabbitbush, greasewood, and annual 
wild plants. No threatened or endangered 
plant species were found on tract C-b or on 
tracts U-a and U-b.*° Colony Development has 
reported the presence of two endangered 
plant species (yellow columbine and milk- 
vetch) and one threatened plant species (sulli- 
vantia) along the valley of Parachute Creek.°® 


Animals 


Many types of mammals, cold-blooded ver- 
tebrates, birds, invertebrates, and aquatic 
systems exist throughout the oil shale re- 
gions. The diversity of vertebrates is among 
the highest in the United States, a result of 
the highly diversified habitats of woodland, 
grassy shrubland, and high desert that char- 
acterize the area. In Colorado’s Piceance 
basin, for example, more than 300 species of 
birds, reptiles, mammals, and amphibians 
have been found or are believed to exist. Simi- 
lar numbers of animal species have been re- 
ported in other geologic basins of the Green 
River formation.’ Because of the relatively 
low rainfall, wildlife of the region are highly 
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dependent on the stream systems and the 
riparian habitats of their environs. 


COLORADO’S PICEANCE BASIN 


The Piceance basin is Colorado’s most im- 
portant mule deer range. It is the principal 
wintering ground for the White River herd, 
the largest nonmigratory deer herd in North 
America. Its size has been estimated at ap- 
proximately 100,000 head.’ The northeast 
corner of the basin normally supports the 
highest deer concentrations in winter, and 
the entire basin is considered to be a deer 
range in the summer. Antelope are also found 
there, but are primarily restricted to the 
northern edge. Limited numbers of elk live in 
the general area of the basin and especially 
on the upper plateaus. A few mountain lions 
roam over it, largely in pursuit of migrating 
deer herds and sheep flocks, and a few black 
bear are found at higher elevations in the 
southern part. Coyotes and bobcats are re- 
garded as abundant, but there has been no 
detailed census of these predators. There 
may be as many as 150 to 200 cottontail rab- 
bits per square mile, and both snowshoe 
hares and pine squirrels are found in the 
Douglas fir forests of the high plateaus. Other 
mammals present include yellow-bellied mar- 
mots, prairie dogs, ground squirrels, porcu- 
pines, chipmunks, red foxes, raccoons, badg- 
ers, and skunks, and from 150 to 250 wild 
horses range throughout the entire area. The 
avian species found in this basin include sage 
grouse, partridge (stocked), pheasants, mal- 
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lards and other ducks, mourning doves, pi- 
geons, golden and bald eagles, and many 
other species of migratory waterfowl, shore- 
birds, songbirds, hawks, eagles, and vultures. 
Fish species include trout, suckers, and min- 
nows.? 


UTAH’S UINTA BASIN 


Utah’s Uinta basin is more primitive and 
isolated than the Piceance basin. It has been 


described as an ideal natural faunal habi- » 


tat.'° Parts of the basin are utilized by mule 
deer herds as winter feeding areas, and small 
numbers of elk are also present in restricted 
areas. Transplanted antelope have become 
established and appear to be flourishing. 
Bears have been reported in the area but are 
considered scarce. Mountain lions also range 
over the basin, but their numbers are un- 
known. Other mammal species include coy- 
otes, porcupine, bobcat, muskrat, beaver, 
mink, rabbits and hares, and others. The Bu- 
reau of Land Management (BLM) has esti- 
mated that about 130 head of wild horse in- 
habit Utah’s oil shale lands. Most bird species 
found in the Piceance basin are also found in 
the Uinta basin. Fish live in the clear head- 
waters of various tributaries but are less 
abundant in the heavily silted lower reaches 
of most rivers and streams." 


WYOMING’S BASINS 


Over 300 animal species have been identi- 
fied in Wyoming’s Green River and Washakie 
basins. Of the larger mammals, elk and moose 
are believed to inhabit the parts of Wyoming 
that encompass the oil shale regions. Rela- 
tively few elk and moose live in the oil shale 
basins per se, but black bear and lions have 
been observed. The basins also contain im- 
portant antelope ranges and habitats. Sizable 
numbers of wild horses live in the Washakie 
basin and winter in the highlands where pre- 
vailing winds sweep the heavy snowfalls from 
grazing areas. Several species of grouse, 
ptarmigan, partridge, wild turkey, pheasant, 
ducks, and geese have also been observed in 
the general vicinity of the oil shale lands. 
Tributaries support several trout varieties in- 
cluding the Colorado River cutthroat, and 
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}.some of the better trout habitats are located 
} within the oil shale area.” 


ENDANGERED SPECIES 


| In compiling an inventory of animal spe- 
| cies, the tract C-a lessees recorded sightings 
| of both peregrine falcons, listed as an endan- 
| gered species by the U.S. Department of the 
} Interior (DOJ), and prairie falcons, a fully pro- 
| tected species. The number of peregrine fal- 
| cons was estimated at from one to four. No 
) falcon nesting sites were found in the 170 mi’ 
| survey area. It is unlikely that falcons would 
| nest within the tract boundaries because of 
| the absence of large cliff faces (their pre- 
| ferred nesting location) and the scarcity of 
| water. Approximately 30 greater sandhill 
| cranes, endangered species in Colorado, 
| were observed in the study area, but no nest- 
| ing sites were discovered within a 20-mile 
| radius of the tract. The tract and its environs 
|| may serve as staging and foraging areas for 
| the birds during their annual migrations, but 
| the area does not contain any important 
| crane habitats.” 


/ The environmental reconnaissance on 
| tract C-b did not reveal any rare, endan- 
| gered, threatened, or protected animal spe- 
| cies. However, a prairie falcon was sighted 
| outside of the tract boundaries. Environ- 
| mental surveys for Colony Development re- 
| vealed no endangered or threatened species 
| within the tract boundaries.'’* BLM’s environ- 
| mental statement for the Colony program lists 
| several species of concern that might be pres- 
| ent in the general area. These include the 
| southern bald eagle, the prairie and pere- 
| grine falcons, the humpback chub, the Colo- 


| rado squawfish, the Colorado cutthroat trout, 


| the bonytail sucker, the black-footed ferret, 
| and the ferruginous hawk." 


Air and Water Quality and Economic Base 


| Regional air and water quality, and their 
potential alterations because of oil shale de- 
' velopment, are discussed in chapter 8. The 
region’s economic base, and the impacts it 

might experience during the development of 


an oil shale industry, are discussed in 
chapter 10. 


Air Quality 


In general, air quality is excellent through- 
out most of the region because of the region’s 
rural character and lack of industrialization 
and urban development. Ambient concentra- 
tions of sulfur dioxide, nitrogen oxides, hy- 
drogen sulfide, and carbon monoxide are 
very low compared with more densely popu- 
lated areas in the three oil shale States. In 
both the Piceance and Uinta basins, however, 
there are occasionally high ambient concen- 
trations of nonmethane hydrocarbons, partic- 
ulates, and ozone. The hydrocarbons are ap- 
parently emitted in aerosol form by sage- 
brush and other vegetation, because their 
concentrations vary with the growing sea- 
sons for these plants. Windstorms and pass- 
ing automobile traffic on unpaved roads both 
contribute to high particulate concentrations. 
Haze is occasionally observed in the valley of 
the Colorado River and in the canyons of its 
tributaries. It has not been determined 
whether this haze is caused by photochemical 
smog or by a combination of suspended par- 
ticulates and local humidity. In general, the 
area is free from man-induced odors." 


Air quality problems may be encountered 
in the future because of the region’s peculiar 
meteorological conditions. As discussed pre- 
viously, the predominance of the mountain- 
valley breeze system coupled with high alti- 
tudes and the effects of surrounding moun- 
tain ranges on gradient winds aloft, leads to 
frequent thermal inversions, especially dur- 
ing winter. To date, such inversions have 
been offensive only near the larger popula- 
tion centers outside of the oil shale basins, 
such as Grand Junction. However, inversion- 
related air pollution is likely to become more 
severe as the region develops, regardless of 
whether such growth is associated with the 
creation of an oil shale industry or expan- 
sions in other activities. The potential for in- 
versions may preclude siting processing 
plants in canyons and other low-lying areas, 
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thus, limiting them to higher areas such as 
the Roan Plateau of the Piceance basin. 


Water Quality 


Water quality in the region is highly vari- 
able. It is good to excellent in most of the 
upstream reaches of major tributaries such 
as the Colorado River, but significantly 
poorer in the downstream reaches. The grad- 
ual deterioration is caused by discharges 
from numerous point and nonpoint sources. 
About half of the increase in salinity is re- 
lated to the discharge of naturally saline 
streams into the river system. The rest is gen- 
erally related to the concentration of human 
activities, such as urban areas, mineral de- 
velopment sites, and irrigated farmlands. 


A twentyfold increase in salinity has been 
noted in the Colorado River between its head- 
waters and Imperial Dam in Arizona." Salini- 
ty is of special concern because the Colorado 
River system is important to the entire South- 
west. Irrigated agriculture causes most of the 
human-related salinity effects through salt 
loading (picking up soluble salts from field 
soils) and salt concentration (the evaporation 
and transpiration of relatively pure water in 
irrigation canals and fields). 


Photo credit: OTA staff 


White River near Meeker, Colo. 


Surface streams within the oil shale basins 
also show wide variations in water quality. In 
Piceance Creek, for example, the concentra- 
tion of dissolved solids range from less than 
400 mg/l in the upper reaches to over 5,000 


mg/l at the discharge point into the White 
River.'® Dissolved solids in Yellow Creek in 
the Piceance basin range from about 700 to 
3,000 mg/l. Water quality deteriorates in the 


F 
f 


downstream direction because of natural sur- — 
face runoff, agricultural return flows, and — 
the discharge of saline ground water from — 
aquifers in the Green River and Uinta forma- — 
tions. As described in chapters 8 and 9, — 
ground water quality in the aquifers of the Pi- — 
ceance basin varies enormously, from a low — 
of less than 250 mg/l in the purer waters of — 


the upper aquifer above the Mahogany Zone 
to over 63,000 mg/I in the highly saline brines 


of the lower aquifer in the northern portions — 


of the basin. In general, the ground water 
from all the aquifers in the Piceance basin 
does not satisfy the drinking-water standards 
of the U.S. Public Health Service. There are 
particular problems with respect to dissolved 
solids, fluoride, and barium concentrations.” 


The quality of surface streams and ground 
water in the Uinta basin shows similar ex- 
treme variability. The concentration of total 
dissolved solids in the Uinta basin ground 
water aquifers range from 350 mg/l (which is 


considered potable water) to 72,000 mg/l — 


(which is considered brine). In the Wyoming 
oil shale basins, surface streams have dis- 


solved solids concentrations from 150 to 855 ~ 


mg/l, while concentrations in ground water 
range from about 450 to 7,000 mg/I.?! 


Population 


The population density over the entire oil 
shale resource region is low, averaging about 


3 persons per square mile. The densities in — 


many areas are even lower. For example, 
when the oil shale resources of a 2,500 mi? 


area of the Uinta basin were mapped in 1967, — 


250 people lived in the entire area, with 200 
of them living in the town of Bonanza. The 
average population density of the area was 
therefore about 0.1 persons per square mile.” 


The population of the entire Green River 
formation region is approximately 120,000. 
About 62 percent live in Colorado, 17 percent 
in Utah, and 21 percent in Wyoming. The ma- 
jor communities are Grand Junction, Rifle, 
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Meeker, Craig, and Rangely in Colorado; Ver- 
nal in Utah; and Green River and Rock 
Springs in Wyoming. Grand Junction, the 
largest Colorado town, has a population of 
approximately 24,000, Vernal has about 
6,200, and Rock Springs about 28,000. The 


region’s present economy is based on agricul- 
ture (crop raising and sheep and cattle ranch- 
ing), minerals production (oil, gas, uranium, 
trona, and coal), and tourism and recrea- 
tion.2? 24 25 


Oil Shale Products and Their Potential Applications 


The Nature of Oil Shale 


Green River oil shale is not a shale nor does 
it contain appreciable amounts of liquid oil. 
The shale portion is actually a marlstone, and 
its principal constituents are dolomite, cal- 
cite, and quartz. In contrast, true shales are 
composed largely of silicate clays. They have 
a finely stratified or laminated structure and 
tend to fracture along individual bedding 
planes. Oil shale also has a stratified appear- 
ance and tends to fracture in a similar mat- 
ter, particularly when organic matter is pres- 
ent in low concentrations. These properties 
led early investigators to believe that the 
Green River oil shales were true shales. How- 
ever, the appearance and fracture properties 
of Green River shale arise from variations in 
the concentrations of organic matter it con- 
tains, and not to any great extent from the 
characteristics of the inorganic component. 


Most of the organic component is a solid 
material called kerogen, from the Greek 
words for waxmaking, that is insoluble in 
most standard petroleum solvents. About 10 
percent of the organic component is a solid 
substance called bitumen that can be dis- 
solved in certain solvents. 


Kerogen is composed of carbon and hydro- 
gen molecules cross-linked together by sulfur 
and oxygen atoms to form relatively large 
three-dimensional macromolecules with mo- 
lecular weights of about 3,000. These macro- 
molecules are’ embedded within the finer 
grained inorganic or mineral matrix of the oil 
shale rock. This organic continuous phase 
gives kerogen-rich oil shale most of its physi- 
cal strength and stability. When the organic 
matrix is removed from very rich oil shale, 
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the mineral residue has little cohesive 
strength and is easily crushed to a fine 
powder. 


Kerogen Pyrolysis 


When kerogen is heated above 400° F 
(200° C), chemical bonds between and within 
the individual organic molecules are rup- 
tured, forming smaller molecules. Most of 
these can be readily isolated from the mineral 
material as liquid and gaseous products. 
Some of the organic coproducts of kerogen 
decomposition remain trapped within the in- 
organic material as a coke-like residue. 


A chemical change produced by heat is 
called pyrolysis. This process can also be 
called destructive distillation, when an or- 
ganic substance is broken down by heat and 
the products are distilled off, leaving a resi- 
due. When pyrolysis is carried out in a vessel 
called a retort, the process is called retorting. 
Oil shale retorts may vary in size from labora- 
tory-size Fischer assay* units used to esti- 
mate the potential oil yield of oil shale rocks, 
to commercial-sized vessels that can process 
10,000 tons of raw oil shale per day, to in situ 
retorts containing several hundred thousand 
tons of rock. 


When kerogen is pyrolyzed, three combus- 
tible products are formed: vaporized oil, 
which can be condensed by cooling; a gaseous 
mixture containing hydrogen, oxides of car- 
bon, hydrogen sulfide, and hydrocarbon 


*In a Fischer assay, small samples of crushed oil shale are 
heated to 932° F (500° C) under carefully controlled conditions. 
The oil yield by this method is the standard measure of oil shale 
quality. 
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gases such as methane; and a coke-like solid 
residue that remains behind in the retort. 


The relative proportions of oil, gases, and 
coke largely depend on the pyrolysis tempera- 
ture and atmospheric conditions in the retort, 
and to a lesser extent on the organic content 
of the raw shale. The product yields from a 
typical Green River oil shale pyrolyzed at 
932° F (500° C) according to the standard 
Fischer assay technique are summarized in 
table 16. As indicated, the raw shale con- 


Table 16.—Composition and Pyrolysis Products 
of Typical Colorado Oil Shale 


Mineral constituents 


Mineral Weight percent of minerals 
DOLOMItG Rts Seto RNa peak soe oo een esa 32 
Calcite) ser. nig tes epee mie She ae ck 16 
QUARTZ 7 lari aie ere eae tats 15 
WitG yaad Reece eet e ta! tA Rhee 19 
EOW=alDitee = seer ee aor ee ene 10 
Adulaniazay SEs aes oe: Shae tee Le 6 
PYiile Sey ty Neat aie Sa era ee ee he Nas | 
ACAICH TG sedis So 2 aces secre tics OR EA ng es Ae | 
VOta a angs Stare wy Rem race akeerie he hile A ca 100 
Ultimate analysis of organic constituent 
Element Weight percent of organics 
CANDO asus WAS oc Aedes rd nyt Ne 76.5 
HV GOGGIN ae, crate. aeiedtentattete: nc dayee A 10.3 
NITGOGER Stent br seston cee teers ne Renee 2.5 
SUTUGL ie topes eee et tre ne ce ee 
OXYGEN SRS. hs ee AL eR 9.5 

ROTA A LAGE ee See OR PENN gt 100.0 
Yields from Fischer assay pyrolysis 

Weight percent of 
organic constituent Weight percent of 

Decomposition product in raw shale total raw shale 
0] ee les ORL OOP EE: 63 10.4 
Noncondensable gas... . 15 209 
Fixed-carbon residue... . 13 one 
WaletVap Olga eerie, 9 1.4 

Ota ave niehey weno aes 100 16.5 


4pyrolyzed by the standard Fischer assay procedure at 932° F; oil yield = 26.7 gal/ton. 


SOURCE: T. A. Sladek, ‘Recent Trends in Oil Shale—Part 1: History, Nature, and Reserves, ’’ 
Mineral Industries Bulletin, vol. 17, No. 6, November 1974, pp. 4-5. 


tained about 17 percent organic matter by 
weight and yielded about 27 gal/ton. Oil was 
the largest decomposition product. It com- 
prised 63 percent of the organic matter 
originally present in the shale, Noncondensi- 
ble gases comprised 15 percent, and the car- 
bon residue about 13 percent. The balance of 
hydrogen and oxygen content of the organic 


matter was transformed to water vapor by 
the pyrolysis process. 


Each of the three main products of kerogen 
decomposition is a potential source of energy. 
Crude shale oil can be burned directly as a 
fuel or it can be refined to produce fuels simi- 
lar to those obtained from conventional petro- 
leum crude oils. As discussed in chapter 6, 
the physical and chemical properties of crude 
shale oil differ from those of conventional 
crude, thus presenting some refining chal- 
lenges. However, shale oil can yield high- 
quality finished fuels such as gasoline and jet 
fuel. 


The composition and properties of the cff- 
gas from kerogen pyrolysis vary tremendous- 
ly with the nature of the pyrolysis process. 
Gas from the Fischer retort typically has a 
heating value comparable to that of natural 
gas. Such high-quality gas could be used as 
plant fuel in the oil shale facility, or it could 
be pipelined to other areas for commercial or 
industrial applications. In contrast, gases 
from commercial directly heated retorts are 
highly diluted with carbon dioxide (from com- 
bustion and from the decomposition of car- 
bonate minerals) and nitrogen. They have 
only about one-tenth the heating value of 
natural gas. Such gases could be useful 
within the oil shale facility but they could not 
be transported economically over any signifi- 
cant distance, nor could they be upgraded to 
higher heating values at reasonable cost. Sur- 
plus retort gases could become valuable by- 
products if they were burned for power gen- 
eration. Some developers plan to do this. 


The coke residue is also a potential source 
of energy, but it is a very poor solid fuel com- 
pared with coal or with the raw shale itself. 
(A typical shale coke from the Fischer retort 
has a heating value of about 250 Btu/lb; most 
quality coals have heating values of about 
12,000 Btu/lb.) Transportation of the coke 
residue for offsite combustion would not be 
practical because of its high content of inert 
mineral matter. Any energy values will have 
to be recovered within the oil shale facility 
either by burning the residue in the retorts or 
by converting its carbonaceous component to 
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fuel gas. If the latter approach is followed, 
the gas may be consumed within the plant, 
| upgraded for external sale, or burned onsite 
|| for power generation. 


| As indicated in table 16, inorganic miner- 
als comprise approximately 80 percent of 
| raw Green River oil shale. These minerals re- 
|. main as part of the coke residue after the oil 
and gas products are removed. The proper- 
ties of this retorted or spent shale vary with 
the type of retorting procedure used. Indi- 
rectly heated retorts produce a carbonaceous 
spent shale, while directly heated retorts pro- 
duce a shale that is essentially stripped of 
carbon. The indirectly heated TOSCO II re- 
tort, for example, produces a spent shale re- 
- sembling black talcum powder. The directly 
heated Union ‘‘A”’ retort produces a gray de- 
carbonized spent shale resembling coal ash 
and clinkers. 


Spent shale will be produced in enormous 
quantities by an oil shale industry of any 
significant size. Some potential uses exist for 
the spent shale produced by aboveground re- 
torts. With in situ processing, the spent shale 
_ remains underground, and the only option for 
_ byproduct recovery is by means of a leaching 
_ process. Spent shale on the surface could be 
converted to cement or building materials, 
but the output from a single commercial-size 
facility will far exceed the market demand 
for such material. Nearly all of the spent 
shale will have to be disposed of as a waste 
material, and such disposal will have to be 
done either on or very near the plantsite. 
Spent shale disposal is the source of much of 
the environmental controversy surrounding 
oil shale development as discussed in chap- 
ter 8. 


Associated Minerals 


In addition to kerogen, some deposits in the 
Green River formation contain several sodi- 
um-bearing minerals that could be commer- 
cially valuable. These include nahcolite, daw- 
sonite, and trona. Nahcolite (sodium bicar- 
bonate) is chemically identical to commercial 
baking soda. As mentioned previously, it oc- 
curs in scattered deposits near the deposi- 


tional center of the Piceance basin and is 
found in high concentrations near the bottom 
of the Parachute Creek member. Nahcolite 
may be processed to yield soda ash, a com- 
mon raw material for glass production, and 
its ability to adsorb sulfurous gases may be of 
use in scrubbing sulfur compounds from pow- 
erplant stack gases. 

Dawsonite (dihydroxy sodium aluminum 
carbonate) is a potential source of alumina, 
which can be converted to aluminum. As indi- 
cated previously, dawsonite is found as dis- 
seminated crystals and crystalline planes in 
the Parachute Creek member. Occurrences of 
both nahcolite and dawsonite are very exten- 
sive in this basin. A survey of mineral re- 
sources in the basin by USGS estimated that 1 
mi? of terrain in the soda-mineral region 
overlies 1 billion bbl of potential shale oil in 
place, 130 million tons of nahcolite with a po- 
tential soda ash yield of 82 million tons, and 
sufficient dawsonite to produce 42 million 
tons of alumina. By comparison, the bauxite 
deposits in the rest of the United States con- 
tain the equivalent of only about 30 million 
tons of alumina.” 

Trona is a hydrated mixture of sodium car- 
bonate and sodium bicarbonate. It is also a 
source of soda ash for glass production, and 
is presently being mined for this purpose in 
Sweetwater County, Wyo. Unlike nahcolite 
and dawsonite, trona does not always occur 
in intimate association with oil shale, and its 
commercial development could take place 
either with or without the related develop- 
ment of hydrocarbon resources. The existing 
facilities in Sweetwater County do not recov- 
er shale oil. Projected plans for multiminerals 
operations, such as those of Superior Oil and 
the Multi Minerals Corp., call for the simul- 
taneous production of shale oil, soda ash, and 
alumina.’ 7 

Both of these projects depend on acquiring 
access to Federal land through land ex- 
changes or leasing. No privately owned tracts 
contain sufficient quantities of dawsonite and 
nahcolite for their development to be econom- 
ically attractive. Some sodium leases have 
been issued for oil shale land, but these ex- 
clude the development of the associated oil 
shale. 
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The History of Oil Shale Development 


Useful hydrocarbons have been extracted 
from oil shale for many years. In the 14th cen- 
tury, Austrian and Swiss oil shales were py- 
rolyzed to yield ‘‘petro oleum,”’ or ‘‘rock oil.”’ 
This was subsequently processed to yield an 
ointment called Icthyol, a name derived from 
the Greek words for fish-oil, in reference to 
the fossilized fish remains frequently encoun- 
tered in the marine oil shales of central Eur- 
ope.”” In 1694, England issued patent No. 33 
for a retorting process that was claimed to 
produce “‘oyle from a kinde of stone.’ 


In 1859, the first commercial oil well was 
drilled in Pennsylvania. Prior to that year, at 
least 50 commercial plants existed along the 
Atlantic seaboard of the United States for ex- 
tracting fuel oil from oil shales.*! Also in 1859, 
the first commercial oil shale retort began 
operating in Scotland. It started an industry 
that lasted for over 100 years. 


In 1874, workers on the transcontinental 
rail line found that rocks picked up from ex- 
cavations along the Green River in Wyoming 
ignited when used to protect campfires from 
the night winds. The March 1874 issue of Sci- 
entific American noted that the railroad su- 
perintendent:” 


... has caused analyses and experiments to 
be made with this substance which proves to 
be a shale rock rich in mineral oils. The oil 
can be produced in abundant quantities, say 
35 gallons to the ton of rock. The oil thus ob- 
tained is of excellent quality. 


The rocks of interest were pieces of oil shale 
from the Green River formation. 


The use of oil shale as a fuel resource thus 
predates the large-scale use of conventional 
petroleum by several centuries. In the past 
150 years, commercial industries have ex- 
isted in Scotland, France, Germany, Spain, 
South Africa, Australia, and the United 
States. At present, industries exist or are 
being started in Estonia, the People’s Repub- 
lic of China, Brazil, and perhaps the United 
States. The following section describes the 
history of foreign and U.S. development ef- 


forts and defines the status of present indus- 
tries around the world. 


Scotland 


Scottish oil shales occur in seams from 4 to 
14 ft thick yielding approximately 22 gal/ton. 
Reserves were originally estimated to contain 
about 600 million bbl. The first retorting 
plant was built in 1859. Its economic viability 
was immediately threatened by the rapid de- 
velopment of conventional petroleum that 
followed the drilling of the first commercial 
oil well. The production of shale oil and val- 
uable byproducts such as waxes, ammonia, 


pyridines,* ammonium sulfate, and building | 


materials enabled the Scottish industry to 
survive for over 100 years despite the high 
cost of the oil in comparison with conven- 


tional crude oil. At its peak, the industry in- | 


volved about 140 different companies and 
processed about 3.3 million ton/yr of oil shale. 
In 1919, the companies were consolidated 
into a single corporation that subsequently 


became a subsidiary of the predecessor of | 


British Petroleum. The industry was subsi- 
dized by the British Government with tax 
credits and other incentives, but competition 
from cheap petroleum forced the last plant to 
close in 1962. 


Sweden 


Typical Swedish oil shales are about 50 ft 
thick and yield from 6 to 15 gal/ton. The total 
resource is estimated to be about 2.5 billion 
bbl of shale oil in place. The Swedish oil shale 
industry began in the 1920’s, with the largest 
operations near the city of Kvarntorp. These 
facilities featured two types of aboveground 
retorts and a unique type of in situ process in 
which the deposits were pyrolyzed with elec- 
tric heaters. The industry reached a maxi- 
mum capacity of 2 million tons of oil shale per 
year (6,000 ton/d) and produced as much as 


*Nitrogen-containing organic solvents also used to syn- 
thesize other useful products. 


550,000 bbl/yr of crude shale oil. Because of 
‘the limited quantity of high-quality reserves, 
sand price competition from petroleum crude, 
'\the industry ceased operation in 1966. 


| 
| 


France 


- French resources total about 500 million 
bbl of shale oil in place. They are of medium 
quality and yield from 10 to 24 gal/ton. They 
|,are more properly called bituminous shales, 
rather than oil shales, because they contain 
‘inclusions of asphaltic compounds. The 
|| French industry began in 1840 and continued 
jintermittently until 1957. Its maximum 
| throughput was 0.5 million ton/yr of shale, at- 
|| tained in 1950. For most of its existence, the 
industry was protected from competition with 
| foreign oil by excise taxes and import duties. 


Spain 


The best Spanish resources yield from 30 
‘to 36 gal/ton. Reserves have been estimated 
‘at about 280 million bbl of oil in place. The 
‘ Spanish industry began in 1922 using retorts 
similar to those that had been developed in 
Scotland. Maximum throughput for these 
units was 220 ton/d, reached in 1947. In 1955, 
new retorts from Scotland were installed. In 
|' 1960, the enlarged industry processed 1 mil- 
lion tons, supplying more than half of Spain’s 
| requirement of lubricating oil. Obsolete proc- 
| essing technology and high operating costs 
| forced the industry to cease operation in 
1966. 


Germany 


German resources are estimated to contain 
- only about 2 million bbl of shale oil in place. 
Oil yields average only 12 gal/ton. German 
shales were developed as early as 1857, and 
several retorts were operated in the 1930's. 
A major development effort was initiated dur- 
ing World War II in response to wartime fuel 
| shortages. The German industry used two 
types of aboveground retorts and one in situ 
process. A plant with about 30 Lurgi above- 
| ground retorts was operated from 1947 to 
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1949. In 1961, a plant was built in the town of 
Dotterhausen that burns finely crushed oil 
shale in a fluidized-bed combustor. The heat 
of combustion is used for power generation, 
and the spent shale product is used to make 
cement. The plant is the only active oil shale 
facility in West Germany. 


South Africa 


Very rich deposits are found in South Afri- 
ca. Oil yields reach 100 gal/ton, with an aver- 
age of 55 gal/ton, and the deposits are located 
just beneath coalbeds. South African shale oil 
production began in 1935, and the industry 
attained a maximum throughput of 800 ton/d 
in the 1950’s, with a corresponding shale oil 
production of 800 bbl/d. The industry was lo- 
cated in the country’s interior, and although 
it was not directly subsidized by the govern- 
ment, its economic viability was enhanced by 
the high cost of transporting competing petro- 
leum from the seacoast ports to interior mar- 
kets in the vicinity of the plants. The richer 
deposits were eventually depleted, and the in- 
dustry ceased operations in 1962. 


Australia 


Oil shale deposits are found throughout 
Australia. Those of New South Wales and 
Tasmania have been developed commercial- 
ly. Total reserves are estimated at 270 million 
bbl of shale oil in place. Most of the deposits 
are very rich, with oil yields as high as 180 
gal/ton. Shale oil production in New South 
Wales began in 1862, and by 1892, about 
100,000 tons of shale were being processed 
each year. The Australian Government began 
subsidizing the industry in 1917, but produc- 
tion ceased in 1925. Production of Tasmanian 
shale oil began in 1910 and ceased in 1935. In 
the interim, about 41,000 tons of oil shale 
were processed, and 85,000 bbl of shale oil 
were produced. 


Production was resumed in New South 
Wales early in World War II under the direc- 
tion of the Australian Government. By 1947, 
annual throughput reached 330,000 tons, and 
about 100,000 bbl of shale-derived gasoline 
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were produced annually. The production was 
equivalent to about 3 percent of Australia’s 
gasoline consumption. The plant was closed 
in 1952 because of resource depletion, high 
operating costs, and competition from con- 
ventional petroleum. 


United States 


As indicated previously, the U.S. oil shale 
industry was an important part of the Na- 
tion’s energy economy before the first oil well 
was drilled. At least 50 commercial plants for 
extraction of fuel oil from eastern oil shales 
existed prior to 1859. The industry disap- 
peared shortly after commercial petroleum 
production began. 


Between 1915 and 1920, supplies of domes- 
tic crude fell below demand, and oil imports 
increased, especially from new oilfields in 
Mexico. USGS indicated at that time that the 
United States had only a 9-year reserve of 
petroleum in the ground and that the outlook 
for new discoveries was not good. At about 
the same time, USGS announced that large 
fuel resources were contained in the oil 
shales of the Green River formation. When 
combined with predictions of forthcoming 
fuel shortages, the announcement triggered 
an oil shale boom. Some 30,000 mining claims 
were filed on Federal lands, and about 200 
companies were formed to develop the re- 
source. Retort development programs were 
initiated at several locations, and at least 25 
retorting processes were advanced to the 
pilot-plant stage. Total shale oil production 
was negligible, but interest was at an all-time 
high. The boom ended abruptly with the dis- 
covery of large oilfields in eastern Texas. Oil 
prices dropped to a few cents per barrel, and 
interest in oil shale development essentially 
disappeared. 


Little R&D was conducted in the’ United 
States until World War II. In 1944, out of con- 
cern for the hazards of imported energy, Con- 
gress passed the Synthetic Liquid Fuels Act, 
which authorized USBM to establish a liquid 
fuel supply from domestic oil shale. USBM be- 
gan a comprehensive R&D program that has 


continued to the present day, although over- 
sight authority was transferred to the Energy 
Research and Development Administration in 
1974 and to its successor, DOE, in 1978. 


One of USBM’s most significant early acts 
was the establishment of a research facility 
at Anvil Points on the Naval Oil Shale Reserve 
near Rifle, Colo. Between 1944 and 1956, the 
Anvil Points facility was used for mining 
studies that led to the application of the room- 
and-pillar technique of underground mining. 
The gas combustion retort, the predecessor of 
modern directly heated retorts, was also de- 
veloped during this period. In 1964, the facil- 
ity was leased by the Colorado School of 
Mines Research Foundation, and was the site 
of a 4-year development program in which the 
gas combustion retort was evaluated and im- 
proved by a consortium of six major oil com- 
panies: Mobil, Humble, Continental, Pan 
American, Phillips, and Sinclair. 


In 1973, the facility was leased by Develop- 
ment Engineering, Inc. (DEI), which operated 
it for 5 years during which the Paraho retort- 
ing process was developed. This is an im- 
proved version of the gas combustion retort. 
DEI then used the facility to produce over 
100,000 bbl of shale oil for refining studies, 
and has recently proposed to use Anvil Points 
for further development work, including the 
construction and operation of a commercial- 
size module of the Paraho retort. 


Between 1963 and 1968, DOI evolved a 
leasing proposal that was intended to encour- 
age private development of the Federal oil 
shale lands in the Green River formation. The 
program failed to attract private partici- 
pation. However, it gave rise to the current 
Federal Prototype Oil Shale Leasing Program, 
which was conceived in 1969 and pro- 
mulgated in 1974 with the sale of leases to 
four tracts in Colorado and Utah. The his- 
tories of these leasing programs are pre- 
sented in volume II of this report. The status 
of development efforts on the Federal lease 
tracts is described in the last section of this 
chapter. 
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In addition to these activities on Federal 
lands, private companies have also engaged 
in exploration and R&D programs on their 
own lands. The companies that have been 
most heavily involved are: Union Oil, Occiden- 
tal Petroleum and its subsidiary Occidental 
Oil Shale, Inc.; Superior Oil Co.; and the Col- 
ony Development Operation group, which has 


Status of Foreign 
Morocco 


Oil shale is found in Morocco at Timahdit, 
in the Middle Atlas mountains, and at Tar- 
faya, on the Atlantic coast in the southern 
part of the country. Other, smaller deposits 
have also been found. Most of the develop- 
ment efforts involve the Timahdit deposits, 
which contain an estimated 4 billion to 9 
billion bbl of shale oil in a seam that is as 
much as 350 ft thick. The Moroccan Govern- 
ment is actively investigating aboveground 
retorting, direct combustion of oil shale for 
power generation, and modified in situ proc- 
essing technologies. 


Soviet Union 


The principal reserves of the U.S.S.R. are 
in the Baltic Basin, with additional deposits in 
the Ukranian S.S.R. and the Gentral Asian Re- 
publics. The latter resources have been little 
explored and are not being developed; most 
development activity is centered on the ‘‘ku- 
kersite’’ oil shales in the Baltic basin. The 
total Baltic resource is estimated to be about 
21 billion tons, with about 11.3 billion tons 
regarded as having commercial potential. 
About 8.4 billion tons occur in the Estonian 
S.S.R., with about 2.9 billion tons in the Lenin- 
grad area. The Estonian shales occur in beds 
about 10 ft thick and are buried beneath 30 to 
130 ft of overburden. They are of good quali- 
ty, yielding about 50 gal/ton. 


The Estonian deposits were first developed 
in the 1920’s after the State achieved inde- 
pendence from Finland. In 1939, about 1.7 
million tons were processed. About 60 per- 


included Tosco, Atlantic Richfield, Cleveland 
Cliffs Iron Go., and Ashland Oil Co. The activ- 
ities of these companies, and others that are 
presently involved in oil shale development, 
are summarized in the following section, 
together with a status report on the indus- 
tries in other countries. 


Oil Shale Industries 


cent of the shale was retorted to obtain fuel 
oil; the rest was burned directly for process 
heat and power generation. During World 
War II, the area was occupied by Germany, 
and the shale oil produced during this period 
was refined to obtain illuminating oil and 
bunker fuel oil for the German navy. When 
the Estonian S.S.R. was created, the German- 
built plants were expanded to provide fuel 
gas for the cities of Tallinn and Leningrad. 
Shale oil and petrochemicals were also pro- 
duced, but most of the shale mined was 
burned as a boiler fuel for power generation. 


In 1970, about 14 million tons were mined. 
The present goal is to expand production to 
54 million ton/yr. About 75 percent of the 
present production is burned under boilers to 
supply about 90 percent of Estonia’s electri- 
cal needs. The rest is retorted to produce fuel 
oil, gasoline, fuel gas, and chemicals. 


The Soviet industry is estimated to have 
mined about 560 million tons of kukersite 
between 1945 and 1975. As noted, only one- 
fourth of the mined shale is retorted. If all of 
the shale had been converted to oil, the aver- 
age production rate would have been about 
67,000 bbi/d, slightly more than would be pro- 
duced by a single commercial-scale oil shale 
facility in the United States. The present 
target of 54 million ton/yr is equivalent to 
about 200,000 bbl/d. 


Two types of large-scale retorts are used: 
the Kiviter gas generator which is similar to 
the gas combustion and Paraho directly 
heated retorts; and the Galoter retort which 
uses spent shale as a heat carrier and is 
remarkably similar to the TOSCO II indirectly 
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heated design. At present, the largest Kiviter 
retort has a capacity of about 1,000 ton/d, 
about one-tenth the size of retorts planned for 
U.S. plants. The largest Galoter unit has a 
capacity of about 500 ton/d. A 3,300-ton/d 
unit is under construction. * 


People’s Republic of China 


Oil shale is found near Fushun in Manchu- 
ria, and near Maoming in the Province of 
Kwantung. The Manchurian deposits occur in 
450-ft-thick seams and overlie thick coal 
seams. The shale is mined by open pit meth- 
ods, together with the coal. Oil yields average 
only about 15 gal/ton. The deposits were first 
developed by the Japanese when they invaded 
Manchuria during World War II. About 1.3 
million bbl of shale oil were recovered during 
the war through use of retorts similar to the 
gas combustion design. Most of the oil was re- 
fined into fuel oil for the Japanese navy. Dur- 
ing the Korean war, production was ex- 
panded to about 50,000 bbl/d. Byproducts in- 
cluded chemical fertilizer from the nitrogen 
in the shale oil and cement from the spent 
shale. Additional shale was mined, mixed 
with coal, and burned directly for power gen- 
eration. 


During the past decade, the capacity of the 
Manchurian industry has remained fairly 
constant, but six retorting plants have been 
built in the Kwantung Province. The total pro- 
duction from the Chinese plants is unknown, 
but it is unlikely to be more than about 50,000 
to 70,000 bbl/d. About two-thirds of the oil is 
refined, the rest is burned directly for power 
generation. 


Brazil 


Brazil has very large deposits which could 
contain as much as 3 trillion bbl of potential 
shale oil. The largest deposits of commercial 
interest are those of the Irati formation, 
which begins in the State of Sao Paulo and ex- 
tends southward in an S-shaped curve for a 


*For additional information on retorting technologies see ch. 
a 


distance of about 1,000 miles to the border 
with Uruguay. Irati shale yields about 20 
gal/ton on retorting, which is comparable to a 
medium grade of Green River shale. 


Small retorts have been used intermittently 
in Brazil since 1862. Early operations pro- 
duced illuminating gases for home use. Re- 
torting was discontinued in 1946 but resumed 
in the 1950’s under control of the national 
government. In 1970, a 2,200-ton/d demon- 
stration retorting plant was completed at Sao 
Mateus do Sul in the State of Parana. The 
plant has operated on an experimental basis. 
The Petrosix retorting process is used. It was 
developed by the engineering staff of Petro- 
bras, the national oil company, with the as- 
sistance of Cameron Engineers, a U.S. engi- 
neering firm. Little information has been re- 
leased about the demonstration but, given the 
properties of the Irati shale and assuming 
high oil recoveries from the retort, the plant 
could produce about 1,000 bbl/d of shale oil, 
over a million cubic feet of high-Btu gas per 
day, and about 15 ton/d of elemental sulfur. 


At present, Petrobras is attempting to raise 
about $1.5 billion to build a commercial-size 
plant with a capacity of about 45,000 bbl/d. 
The plant would be sited near the present 
demonstration facility. About 20 Petrosix re- 
torts would be used. Current plans call for a 
25,000-bbl/d operation by 1983, with subse- 
quent expansion to full capacity by 1985. The 
deposits in the immediate vicinity of the plant- 
site could supply the full-size facility for 
about 30 years. Two additional plants of simi- 
lar size are contemplated for the State of Rio 
Grande do Sul, which is south of the demon- 
stration plant. 


Brazil’s enduring interest in oil shale de- 
velopment is related to its oil-import problem. 
It consumes about a million barrels of crude 
oil per day, of which about 960,000 bbi/d are 
imported. The net drain of the national econ- 
omy is about $11 billion per year, which con- 
tributes to a net deficit in the balance of inter- 
national payments of about $1.55 billion. It is 
difficult to track the effect of this deficit in an 
economy with a 60-percent annual inflation 
rate, but the currency drain to purchase im- 
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same proportion of its GNP on imported oil, 
about 15 million bbl/d would be imported, or 
nearly twice the present rate. 


| ported oil is estimated to be equivalent to 
| about 6 percent of the nation’s gross national 
|) product (GNP). If the United States spent the 


Status of U.S. Oil Shale Projects 


The characteristics and status of 11 proj- 
| ects that are at least at the stage of field test- 
| ing in the Green River shales are summarized 
| in table 17. The list does not include several 
relatively new projects (such as Multi Miner- 
al Corp.’s project for extraction of oil, nahco- 
| lite, and alumina from deeply buried deposits 
| in the Piceance basin) or projects that are be- 
| ing conducted in the eastern shales. It also 
| does not include the numerous theoretical in- 
| vestigations and laboratory-scale experi- 
| ments that are being conducted by Federal 
_ and State agencies and private companies. 


Two of the projects—Rio Blanco and 
Cathedral Bluffs—are actively proceeding 
towards commercial-scale operations on Fed- 
eral lease tracts in Colorado. The White River 


project is also on a Federal lease tract, but it 
is inactive at present because of legal uncer- 
tainties.* Tosco’s Sand Wash project is pro- 
ceeding towards commercialization at a rela- 
tively leisurely pace to maintain compliance 
with the due-diligence provisions of the Utah 
leases. Three projects—Logan Wash, Geoki- 
netics, and BX—are of an experimental na- 
ture and are being partially funded by DOE. 
The four other projects—Colony, Union, Su- 
perior, and Paraho—are aimed towards ulti- 
mate commercial-scale operations but are in- 
active at present for a variety of reasons, 
principally economic. 


*The Rio Blanco, Cathedral Bluffs, and White River projects 
are parts of the Federal Prototype Oil Shale Leasing Program, 
which is discussed in vol. II of this report. 
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Table 17.—Status of Major U.S. Oil Shale Projects 


Project 


Rio Blanco Oil Shale Co.: 
Gulf; Standard of Indiana 


Cathedral Bluffs Oil Shale 
project: Occidental Oil 
Shale; Tenneco 


White River Shale project: 
Sundeco; Philips; SOHIO 


Colony Development Opera- 
tion: ARCO; Tosco 


Long Ridge project: Union 
Oil of California 


Superior Oil Co. 


Sand Wash project: Tosco 


Paraho Development Corp. 


Logan Wash project: Occi- 
dental Oil Shale; DOE 


Geokinetics, Inc.; DOE 


BX Oil Shale project: Equity 
Oil Co.; DOE 


Production target 
Location Proposed technology (barrels per day) Status summary 
Federal lease tract C-a; | MIS@and Lurgi-Ruhrgas 76,000 Shaft sinking for MIS module development. 
Colorado aboveground retorts (1987) Designing Lurgi-Ruhrgas module. PSD® 
permit obtained for 1,000 bbi/d. 
Federal lease tract C-b; Occidental MIS 57,000 Shaft sinking for MIS module development. 
Colorado (1986) Process development work being done at 
Logan Wash. PSD permit obtained for 
5,000 bbi/d. 
Federal lease tracts U-a Paraho aboveground 100,000 Inactive because of litigation between Utah, 
and U-b; Utah retorts the Federal Government, and private 
Claimants over landownership 
Colony Dow West TOSCO || aboveground 46,000 Inactive pending improved economic 
property; Colorado retorts conditions. PSD permit obtained 
for 46,000 bbi/d. 
Union property; Colorado Union “‘B’’ aboveground 9,000 Inactive pending improved economic 
retort conditions. PSD permit obtained for 
9,000 bbi/d. 
Superior property; Superior aboveground 11,500 Inactive pending BLM approval of land 
Colorado retort plus nahcolite, soda exchange proposal. PSD permit obtained 


ash, andalumina _ for 11,500 bbli/d. 


State-leased land; Utah TOSCO || aboveground 50,000 Site evaluation and feasibility studies 
retorts underway. Lease terms require $8 million 
investment by 1985. 
Anvil Points; Colorado Paraho aboveground 7,000 Inactive following completion of pilot plant and 
retorts semiworks testing. Seeking Federal and 
private funding for a modular demonstration 
program. 
D. A. Shale property; Occidental MIS 500 Two commercial-size MIS retorts planned for 
Colorado 1980 in support of the tract C-b project. PSD 
permit obtained for 1,000 bbi/d. 
State-leased land; Utah —_ Horizontal-burn true in situ 2,000 Continuation of field experiments. About 
(1982) 5,000 bbl have been produced to date. 
Equity property; Colorado True in situ retorting with Unknown Steam injection begun and will continue for 


about 2 years. Oil production expected in 
1980. Production rate has not been 


superheated steam 
(Equity process) 


4Modified in situ processing. 


predicted. 


DPrevention of significant deterioration—an air quality permit that must be obtained before construction can begin. (See ch. 8.) 


SOURCE: Office of Technology Assessment. 
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CHAPTER 95 


Technology 


Introduction 


The mining and processing technologies 
that can be used to convert kerogen, the or- 
ganic component of oil shale, into marketable 
fuels are discussed in this chapter. The char- 
acteristics of these technologies will influ- 
ence the effects that an oil shale industry will 
have on the physical environment, and their 
technological readiness will affect the rate at 
which an industry can be established. The 
following subjects are discussed: 


e the general types of processing methods 
and their major unit operations; 

e the mining methods that could be used to 
remove oil shale from the ground and 
prepare it for aboveground processing; 

e the generic types of retorting methods 


that could be used to convert the oil 
shale to liquid and gaseous fuels; 

e the upgrading and refining methods that 
could be used to convert crude shale oil 
to finished products; 

e the potential markets for shale-derived 
fuels; 

e the technological readiness of the major 
steps in the oil shale conversion system; 

e the uncertainties and the research and 
development (R&D) needs that are asso- 
ciated with each major unit operation; 
and 

e the policies available to the Government 
for dealing with the uncertainties. 


Summary of Findings 


Oil shale contains a solid hydrocarbon called 
kerogen that when heated (retorted) yields combusti- 
ble gases, crude shale oil, and a solid residue called 
spent, retorted, or processed shale. Crude shale oil 
can be obtained by either aboveground or in situ (in 
place) processing. In aboveground retorting (AGR), 
the shale is mined and then heated in retorting 


| vessels. In a true in situ (TIS) process, a deposit is 


first fractured by explosives and then retorted under- 
ground. In modified in situ (MIS) processing, a por- 
tion of the deposit is mined and the rest is shattered 
(rubbled) by explosives and retorted underground. 
The crude shale oil can be burned directly as boiler 
fuel, or it can be converted into a synthetic crude oil 
(syncrude) by adding hydrogen. The syncrude can 
also be burned as boiler fuel, or it can be converted 
to petrochemicals or refined to obtain finished fuels. 
Some of OTA’s major findings concerning these min- 
ing and processing technologies are: 


e Limited areas of the oil shale deposits may be 
amenable to open pit mining. This technique has 
never been tested with oil shale but it is well- 


advanced with other minerals. More oil shale ex- 
perience has been acquired with underground 
mining, particularly room-and-pillar mining, and 
preparing MIS retorts. Although uncertainties re- 
main, the mining technologies should advance 
rapidly if presently active projects continue and 
Suspended ones resume. 


TIS is presently a very primitive process, although 
R&D and field tests are being conducted. The prin- 
cipal advantages of TIS are that mining is not 
needed and surface disturbance from facility siting 
and waste disposal is minimized. The principal 
disadvantages are a low level of technological 
readiness, low recovery of the shale oil, and a po- 
tential for surface subsidence and leaching of the 
spent shale by ground water. 


MIS is a more advanced in situ method. It is being 
further developed on two lease tracts and a pri- 
vately owned site. The Department of Energy 
(DOE) is providing substantial R&D support. The 
principal advantages of MIS are that large depos- 
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its can be retorted, oil recoveries per acre affected 
are high, and relatively few surface facilities are 
required. However, some mining and some dis- 
posal of solid wastes on the surface are required, 
and the oil recovery per unit of ore processed is 
low relative to AGR methods. The burned-out MIS 
retorts have a potential for ground water pollution. 


e AGR also has a medium level of technological 
readiness. Three retorts have been tested for sev- 
eral months at rates approaching one-tenth the ca- 
pacity of commercial-size modules. Others are still 
at the laboratory or pilot-plant stages. The princi- 
pal advantage of AGR processing is high oil recov- 
ery per unit of ore processed. However, with some 
mining methods, oil recoveries per acre may be 
lower than with MIS. Surface disturbance is high- 
est with AGR because of the extensive surface fa- 
cilities, and because large quantities of solid 
waste are generated. 


e The physical and chemical properties of crude 
Shale oil differ from those of many conventional 
crudes. However, depending on the nature of the 
upgrading techniques applied, the syncrude can 
be a premium-quality refinery feedstock, compar- 
able with the best grades of conventional crude. 
Shale oil is a better source of jet fuel, diesel fuel, 
and distillate heating oil than it is of gasoline. Al- 
though some technical questions remain, the up- 
grading and refining processes are well-ad- 
vanced. Refining shale oil may cost from $0.25 to 


$2.00 more per bbl than refining some of the 
poorer grades of domestic crude. 


e The initial output from the pioneer oil shale in- 


dustry will probably be marketed near the oil shale 
region. Once the industry is established, the shale 
oil will probably be used as boiler fuel or refined in 
the Rocky Mountain States. A large industry will 
most likely supply oil to Midwest markets. A 1- 
million-bbl/d industry could completely displace 
the quantities of jet, diesel, and distillate heating 
fuels that are presently obtained from foreign 
sources in the entire Midwest. 


e With the present technical status of the critical 


retorting processes, deploying a major oil shale in- 
dustry would entail appreciable risks of techno- 
logical and economic failure. Although much R&D 
has been conducted, and development is proceed- 
ing, the total amount of shale oil produced to date 
is equivalent to only 10 days of production from a 
single 50,000-bbI/d plant. Because of its primi- 
tive status, much basic and applied R&D is needed 
for the TIS method. The MIS approach and some 
of the AGR processes are ready for the next stage 
of develooment—either modular retort demonstra- 
tions or pioneer commercial-scale plants. Such 
demonstrations would be costly, but they would 
substantially reduce the risks associated with the 
much larger capital investments needed to create 
an industry. 


An Overview of Oil Shale Processing 


Converting shale in the ground to finished 
fuels and other products for consumer mar- 
kets involves a series of processing steps. 
Their number and nature are determined by 
the desired mix of products and byproducts 
and by the generic approach that is followed 
in developing the resource. The alternative 
approaches are: 


e TIS processes in which the shale is left 
underground, and is heated by injecting 
hot fluids; 

e MIS processes in which a portion of the 
shale deposit is mined out, and the rest is 


broken with explosives to create a highly 
permeable zone through which hot fluids 
can be circulated; and 

e AGR processes in which the shale is 
mined, crushed, and heated in vessels 
near the minesite. 


Figure 19 is a flow sheet for the steps com- 
mon to all three options. How the steps would 
be integrated in an AGR facility is shown in 
figure 20. In the first step, the oil shale is 
mined and crushed for aboveground process- 
ing, or the deposit is fractured and rubbled 
for in situ processing. The main product is 
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Figure 19.—Oil Shale Utilization 


Mining & Crushing 


or in situ retort Wastes & 
preparation byproducts 
2 
= is) 
i A 
io 
. Wastes & 
Retorting Treatment 
byproducts 
2% 
3]2 
Of 
oO 
F Wastes 
Upgrading@ 8 


byproducts 


Shale Oil 
syncrude 


Syncrude 


Transportation 


aMay not be needed for some in situ methods. 
| SOURCE: Office of Technology Assessment. 


|raw oil shale with a particle size appropriate 
|for rapid heat transfer. Nahcolite ore can be 
one of the various byproducts from this step. 
|Dust and contaminated water are among its 
wastes. In the retorting step, the raw oil shale 
lis heated to pyrolysis temperatures (about 
| 1,000° F (535° C)) to obtain crude shale oil. 
| Other products are the spent shale residue, 
pyrolysis gases, carbon dioxide, contami- 
|mated water, and in some cases additional 
|mahcolite and dawsonite ore. The crude shale 
oil may be sent to an upgrading section in 
\;which it is physically and chemically modified 
\'to improve its transportation properties, to 
remove nitrogen and sulfur, and to increase 
its hydrogen content. (Crude shale oils from 
some in situ processes may not need upgrad- 
ing before transportation.) Contaminated air 
and water, and in some units refinery coke, 
are the wastes produced along with gases 
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that contain sulfur and nitrogen compounds. 
Depending on the extent of the treatment, the 
upgraded product—shale oil syncrude—can 
be a high-quality refinery feedstock, compar- 
able with the best grades of conventional 
crude. In the refining step, which may be con- 
ducted either onsite or offsite, hydrogen is 
added to convert the syncrude to finished 
fuels such as gasoline, diesel fuel, and jet 
fuel. The syncrude, or the crude shale oil, 
could also be used directly as boiler fuel. 
After refining, the fuels are distributed to 
consumer markets. Refining also produces 
waste gases and various contaminated con- 
densates. 


To protect the environment, contaminated 
water must be treated for reuse in the oil 
shale facility, for reinjection into the ground 
water aquifer source, or for discharge into 
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Figure 20.—The Components of an Underground Mining and Aboveground Retorting Oil Shale Complex 
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SOURCE: C-b Shale Oil Project, Detailed Development Plan and Related Materials, Ashland Oil, Inc., and Shell Oil Co., February 1976, p. 1-24. 


surface streams. Contaminated air and proc- 
ess gases must be purified to meet Federal 
and State air pollution standards before they 
can be discharged to the atmosphere. The 
waste gases from retorting, upgrading, and 
refining are potential sources of ammonia 
(for fertilizer and other uses) and sulfur (for 
sulfuric acid and many other materials). 
These can be recovered during the treatment 
steps and sold to industrial processors. In 
some portions of the Green River formation, 
the solid residues from mining and retorting 
will contain nahcolite (which can be used to 
produce soda ash and for stack gas scrub- 


bing) and dawsonite (a source of aluminum 
metal). In any case, spent shale from above- 
ground processing must be moistened, com- 
pacted, and revegetated to prevent erosion 
and leaching. Retorted shale in in situ retorts, 
and spent shale from surface operations that 
is backfilled into underground openings, must 
be protected from leaching by ground water. 


This chapter deals with the processing 
technologies used in mining, retorting, up- 
grading, and refining. Technologies for treat- 
ing air, water, and solid wastes are discussed 
in chapter 8. 


8 


Both MIS and AGR require mining. In the 
case of AGR, the mined shale is conveyed to 
\rretorts where it is processed to recover shale 
oil. With MIS, the shale may also be retorted 
vaboveground, or it may be discarded on the 
»surface as a solid waste. 


| Green River oil shale deposits are charac- 
terized by their extreme thickness and by 
| their extensiveness. The richer shale zones in 
‘the Piceance basin, for example, are more 
\\than a thousand feet thick, in places, and are 
};continuous over an area of 1,200 mi?. Depos- 
‘its of this nature could be amenable to either 
)surface mining (strip or open pit) or to under- 
\ground mining methods (such as room and pil- 
| lar), depending on topographical features, ac- 
| cessibility, overburden thickness, presence of 
l|:ground water in the mining zone, and many 
nother factors. Surface mining may be feasible 
for very thick oil shale zones that are not 
| deeply buried, especially if their average oil 
yield is not high. Because of the thickness of 
|'the overburden, only a limited area of the 
|'Piceance basin and somewhat more of the 
‘Uinta basin and the Wyoming basins is amen- 
jable to surface mining. In other areas, 
streams have eroded gulleys and canyons 
| through the shale beds, exposing some of the 
richer shale zones. Shale that outcrops in 
| these areas, plus the shale in all deeply 
| buried beds, will probably be extracted by 
| underground mining. 


Despite the high price of crude oil, oil shale 
|\is a lean ore compared with many ores that 
|. contain valuable metals. Economies of scale 
|;encourage massive mining installations, re- 
|,gardless of the mining method selected. A 
| prospective developer once characterized 
| commercial-scale oil shale mines as ‘‘prodi- 
gious,’ because it connotated a larger size 
| than ‘‘giant.’’' A sense of this can be con- 
|;veyed by comparing their capacities with 
those of more conventional mines. At present, 
the largest surface mine in the United States 
‘is Kennecott Copper’s Bingham Canyon pit in 
Utah, which produces about 110,000 ton/d of 
copper ore. The largest underground mine is 
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Oil Shale Mining 


the San Manuel copper mine in Arizona, 
which yields about 50,000 ton/d of ore. About 
70,000 ton/d of 30 gal/ton oil shale would 
have to be mined to support a single 50,000- 
bbl/d plant that used aboveground retorts.* 
This mine would be substantially larger than 
the San Manuel mine. A 400,000-bbl/d indus- 
try of aboveground retorts would have to 
mine about 560,000 ton/d—the equivalent of 
5 Bingham Canyon pits or 11 San Manuel 
mines. If the same industry used only MIS, 
about 230,000 to 460,000 ton/d would have to 
be mined—the equivalent of four to seven 
San Manuel mines.** Some of the mining 
techniques that could be used to achieve 
these levels of production are described 
below. 


Surface Mining 


The two principal types of surface mining 
—open pit and strip—both have been widely 
used to develop coal seams and deposits of 
many other minerals. Their technical aspects 
are fairly well-understood for these minerals. 
However, their feasibilities and effects vary 
with the nature of the ore body. Neither tech- 
nique has yet been applied to the oil shales of 
the Green River formation. 


Surface mining is economically attractive 
for large, low-grade ore deposits because it 
permits high recovery of the resource and 
allows sufficient space for very large and ef- 
ficient mining equipment. An open pit mine 
could recover almost 90 percent of the oil 
shale in a very thick deposit. Strip mining 
could provide even higher recoveries. In con- 
trast, underground mining would recover less 
than 60 percent. One of the reasons that in- 
dustry’s bids on a lease for Federal tract C-a 
were so high was that the deposit could be 


*This assumes recovery of 100 percent of Fischer assay oil, 
a recovery efficiency that has been achieved in tests of the 
TOSCO II technology. 

**This assumes mining of 20 to 40 percent of the shale in the 
retort volume, and an oil recovery of 60 percent of Fischer 
assay. 
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mined by open pit methods. About five times 
as much shale could be recovered by open pit, 
which could have mined the entire deposit, 
than by underground room-and-pillar mining, 
which would have been limited to a relatively 
thin zone.’ 


A mature open pit mine is shown in figure 
21 and the steps in its operation in figure 22. 
In the first step, overburden is drilled and 
blasted loose over a large area above the oil 
shale zone. The burden is carried by trucks or 
conveyors to an offsite disposal area. When 
enough burden is removed to expose the shale 
beds, the shale itself is drilled and blasted, 
and is hauled from the pit for processing in 
aboveground retorts. As mining proceeds, a 
huge hole is formed, extending from the top of 
the overburden to deep into the oil shale de- 
posit. The walls of the pit are under pressure 
from the overburden, and must be angled out- 


Figure 21.—An Open Pit Oil Shale Mine 


Lease Boundaries 


SOURCE: Hearings on Oil Shale Leasing, Subcommittee on Minerals, Materials, 
and Fuels of the Senate Commitee on Interior and Insular Affairs, 
94th Cong. 2d sess., Mar. 17, 1976, p.84. 


wards to transmit the pressure without col- 
lapsing. 


Open pit mining was originally proposed 
for tract C-a by the Rio Blanco Oil Shale Co., 
the lessee. The pit was to have started in the 
northwest corner of the tract, and eventually 
to have covered its entire surface. After a 
few decades, freshly removed overburden 
and spent shale from the aboveground retorts 
would have been returned to the pit as back- 
fill. In the interim, the solid wastes would 
have been disposed of on a highland to the 
northeast of the tract boundaries. This con- 
cept was abandoned when the Department of 
the Interior (DOI) refused to allow offtract 
waste disposal. Rio Blanco later switched to 
MIS techniques because the alternative—un- 
derground mining—would have reduced re- 
source recovery and threatened profitable 
operations.* At present, there are no plans 
for any open pit mines, although Rio Blanco 
may reconsider its original plan if offsite dis- 
posal were allowed.? 


In strip mining, overburden is removed 
with a dragline—a massive type of scraper 
shovel. When the dragline has filled its scoop, 
it pivots and dumps the burden into an adja- 
cent mined-out area. One difference between 
open pit and strip mines is that in strip min- 
ing, the burden is simply cast into a nearby 
area; in open pit, it must be moved far from 
the minesite to prevent interfering with the 
development of the pit. Strip mining has not 
been proposed for any of the Green River de- 
posits. 


Surface mining of most oil shale deposits is 
made difficult by the great thickness of the 
overburden that covers them. In the center of 
the Piceance basin, for example, the 2,000-ft- 
thick oil shale zones are buried under about 
1,000 ft of inert rock and very lean oil shale. 
This does not necessarily preclude surface 
mining, because the deposits are generally 
characterized by a favorable stripping ra- 
tio—the ratio of overburden thickness to ore- 
body thickness. The thick beds in the center 
of the Piceance basin have 1 ft of overburden 


*This change in plans is discussed in vol. II. 


|\for every 2 ft of oil shale—a stripping ratio of 
)1:2. With coal, a stripping ratio of 10:1 is 
)often economically acceptable. A study by the 
\National Petroleum Council indicates that 
open pit mining would be favored for strip- 
ping ratios between 2:1 and 5:1, strip mining 
for smaller ratios, and underground mining 
| for larger ratios than 5:1.* 


However, the economic principles of coal 
)mining should be applied with caution to oil 
) shale. Removing 1,000 ft of overburden to re- 
| cover 2,000 ft of shale might be possible in 
| theory, but the pit’s boundaries would be so 
) extensive that it would have to be located on 
\a very large tract. Furthermore, the large 
“front-end’’ investment in removing overbur- 
den many years in advance of retorting would 
| probably make open pit mining of deep depos- 
its uneconomical. Also, strip mining would 
not be feasible in many parts of the oil shale 
/ region, even those with favorable stripping 
ratios, because the dragline would have to 
| reach to the bottom of a 3,000-ft-thick layer of 
| overburden and oil shale. It is not clear that 
such a machine could be built. 
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Figure 22.—Open Pit Oil Shale Mining 
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| SOURCE: U.S. Energy Outlook—An Interim Report, The National Petroleum Council, Washington, D.C., 1972. 


Underground Mining 


Many underground mining procedures 
have been proposed for oil shale deposits:-1° 
but to date only room-and-pillar mining and 
mining in support of MIS retorting have been 
tested at any significant scale. In room-and- 
pillar mining, some shale is removed to form 
large rooms and some is left in place, as pil- 
lars, to support the mine roof. The relative 
sizes of rooms and pillars are determined by 
the physical properties of the shale, by the 
thickness of the overburden, and by the 
height of the mine roof. Most of the deposits 
of commercial interest are very thick and 
have relatively few natural faults and fis- 
sures. The ore itself resists compression and 
vertical shear stresses. These properties 
allow the use of large rooms, and relatively 
little shale needs to be left as unrecoverable 
pillars. 


The U.S. Bureau of Mines (USBM) studied 
underground mining of oil shale at the Anvil 
Points Experimental Station in the late 1940’s 
and early 1950’s.'' The primary purpose of 
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the mining program was to supply raw shale 
for the Bureau’s retorting experiments, but 
the program was also designed to develop a 
safe, low-cost mining method. The room-and- 
pillar technique was adopted after extensive 
testing. From their studies, which included 
enlarging the rooms until the roof failed, the 
investigators concluded that for safe mining 
conditions the rooms should be 60 ft wide 
with pillars that are 60 ft on a side. 


Many of the modern mine designs have 
been patterned after the USBM experimental 
mine. The design depicted in figure 23 is the 


mining plan proposed for Colony Develop- 
ment’s 46,000-bbl/d facility in the Piceance 
basin.” The rooms are 60 ft wide; the pillars 
are 60 ft square; and the mine roof is 60 ft 
high. Mining is conducted in two 30-ft-high 
benches. The upper bench is mined first by 
drilling blastholes into the walls of a produc- 
tion room, and breaking the shale loose with | 
explosives. The broken shale is carried by | 
trucks to the crushers where it is crushed to 
the size range required by the TOSCO II 
aboveground retorts. The walls and the roof 
of the new room are then ‘‘scaled’’ to remove 
shale that was loosened by the blasting but 


Figure 23.—The Colony Room-and-Pillar Mining Concept 
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SOURCE: R. W. Marshall, ‘Colony Development Operation Room-and-Pillar Oil Shale Mining,” Quarterly of the Colorado School of Mines, vol. 69, No. 2, April 1974, pp. 
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did not fall. Holes are drilled into the roof, 
and roof bolts are inserted to assure its integ- 
rity, thus protecting the miners from roof 
falls. The USBM studies indicated that roof 
bolts would have to be installed in the access 
passageways but not in areas that were ac- 
tively being mined. These production rooms 
would be vacated long before there was any 
serious danger of roof falls. 


The lower bench is mined next. The se- 
quence is similar except the blastholes are 
drilled into the floor of the upper bench, and 
additional roof bolting is not needed. The cy- 
cle of drilling, blasting, loading, scaling, and 
roof bolting was designed to produce about 
66,000 ton/d of shale. About 60 percent of the 
shale in the mining zone was to be removed 
for processing in the aboveground retorts. 
The rest was to remain in the support pillars. 
Colony estimated that enough shale is present 
in the 60-ft seam to support the retorting fa- 
cility for at least 20 years. 


The same type of mine was proposed by the 
Colony partners for development of tract C-b, 
after considering longwall mining, long-hole 
blasting, continuous mining, block caving, 
open pit mining, in situ processing, and many 
other options. The major advantages of the 
room-and-pillar method were identified as: 


e it is highly flexible and can easily be 
modified to accommodate new condi- 
tions, new equipment, or technological 
advances; 

e it can be highly mechanized and high 


overall production rates can be achieved | 


because many areas can be mined simul- 
taneously; 

e the mine openings are relatively easy to 
ventilate; 

e development of access passageways is 
also a production operation because oil 
shale would be removed; and 

e the mine could be designed to minimize 
surface subsidence. 


The disadvantages were the high cost of the 
roof support system and the relatively low re- 
covery. In this regard, it was estimated that 
only 30 to 50 percent of the shale in a 75-ft- 
thick interval could be recovered. Higher re- 
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coveries would be possible if the pillars were 
subsequently mined out or if the mining were 
conducted on multiple levels. (See figure 24.) 


Figure 24.—Room-and-Pillar Mining 
on Multiple Levels 


SOURCE: Hearing on Oil Shale Leasing, Subcommittee on Minerals, Materials, 
and Fuels of the Senate Committee on Interior and Insular Affairs, 
94th Cong. 2d sess., Mar. 17, 1976, p.83. 


The mine eventually would have extended 
under the entire surface of tract C-b, as 
shown in figure 25. However, the concept 
was abandoned when it was discovered that 
the shale in the mining zone was highly frac- 
tured—a condition that would have required 
large support pillars thus reducing resource 
recovery to uneconomic levels. All of the 
original partners subsequently withdrew 
from the tract, and it is now being developed 
by MIS methods by Occidental Oil Shale and 
Tenneco Oil Co. 


Mining to prepare for MIS retorts is dis- 
tinguished from room and pillar both by the 
volume of the deposit that is disturbed and by 
the configuration of the disturbed areas. As 
indicated, the underground mines both on the 
Colony property and on tract C-b would have 
been developed in a 60-ft-high mining zone; 
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Figure 25.—The Original Mine Development Plan for Tract C-b 


BOUNDARY OF TRACT C-B 


RAISE TO 
SURFACE 


el 
SHOP EXHAUST RAISES 


PLANT 8 SHAFT PILLAR 


Penner A: | 
| 
| 

a Wea, 
| 
| 

ee 

tt ae | 

Me) 

| 
| 
uM 


SOURCE: C-b Shale Oil Project, Detailed Development Plan and Related Materials, Ashland Oil, Inc., and Shell Oil Co., February 1976, p. |V-11. 


present plans for the MIS operations on 
tracts C-a and C-b call for recovering oil from 
the shale in a 750-ft-high zone. However, the 
actual mining required to support this devel- 
opment will take place in relatively confined 
areas. The mine will consist primarily of fair- 
ly small underground openings in the region 


in which the MIS retorts will be created, plus 
shafts from the surface for ventilation, drain- 
age, passageways for the miners, and trans- 
portation of combustion air and retorting 
products. Some of the mining plans are dis- 
cussed later in the section on MIS retorting 
methods. 


Oil Shale Retorting 


The three generic methods for recovering 
shale oil from oil shale deposits are described 
below. Brief discussions of some of the more 
significant R&D programs that have been con- 
ducted as part of their development are in- 
cluded. 


True In Situ 


The sequential steps in TIS processing are: 


1. dewatering, if the deposit occurs in a 
ground water area; 


2. fracturing or rubbling if the deposit is 
not already permeable to fluid flow; 

3. injection of a hot fluid or ignition of a 
portion of the bed to provide heat for py- 
rolysis; and 

4. recovery of the oil and gases through 
wells. 


The principles of TIS processing are illus- 
trated in figure 26. Several types have been 
proposed that differ from each other with re- 
spect to the methods for preparing and heat- 
ing the deposit. All use a system of injection 
and production wells that are drilled accord- 
ing to a prescribed pattern. One that is com- 
monly used is the “‘five-spot’’ pattern in which 
four production wells are drilled at the cor- 
ners of a square and an injection well is 
drilled at its center. The deposit is heated 
through the injection well and the products 
are recovered through the production wells. 


For efficient TIS processing, the deposit 
must be highly permeable to fluid flow, which 
is true of portions of the Green River oil 

shales. A good example is the Leached Zone 
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of the Piceance basin where ground water 
has dissolved salt deposits to leave large 
rubble-filled zones. It is estimated to contain 
about 550 billion bbl of shale oil in place." 
There are interconnected fractures and voids 
in other areas of the formation, but these, in 
general, have only a very limited permeabili- 
ty. The permeability of most of the zones that 
appear to have commercial promise is essen- 
tially zero. Deposits that lie near the surface 
could be fractured by injecting water or ex- 
plosive slurries, but mining would probably 
be needed to increase the permeability of 
deeply buried deposits. MIS or AGR proc- 
esses are more appropriate for the deeper re- 
sources. 


In 1961, Equity Oil Co. began developing a 
TIS process for the Leached Zone, which was 
tested in the Piceance basin between 1966 
and 1968. It involved dewatering a portion of 
the zone followed by injecting hot natural gas. 
Pyrolysis gases and a small amount of oil 
were swept in the natural gas stream to pro- 
duction wells through which they were 


Figure 26.—True In Situ Oil Shale Retorting 
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pumped to the surface. The gas was sepa- 
rated from the oil, reheated, and reinjected 
into the deposit. The oil had a much lower 
pour point, viscosity, and nitrogen content 
than oils from aboveground retorts.* These 
favorable characteristics may have been re- 
lated to the solvent properties of the natural 
gas, and to the absence of oxygen from the re- 
torting zone. The quality of the retort gases 
was also good, partly because of their natural 
gas component, and partly because during re- 
torting combustion and the decomposition of 
carbonate minerals were minimal.** 


Process development was not pursued be- 
cause too much of the natural gas was lost in 
the unconfined formation. In 1968, Atlantic 
Richfield Co. (ARCO) purchased an interest in 
the process and resumed its development. In 
1971, a revised concept was announced in 
which superheated steam, rather than natu- 
ral gas, was to be used to heat the deposits. In 
1977, DOE contracted with Equity to test the 
concept in a 500-ft-thick seam in the Leached 
Zone of the Piceance basin. The seam under- 
lies about 0.7 acre of surface, and contains 
about 700,000 bbl of oil in place. It has been 
estimated that as much as 300,000 bbl could 
be recovered over a 2-year period, with about 
half of the oil produced in the first 7 months." 
Steam injection has begun at the site, and will 
continue through 1981. No detailed estimates 
have yet been released of production rates or 
retorting efficiency. If the process proves to 
be technically and economically feasible, it 
could be applied in portions of both the Pice- 
ance and the Uinta basins. 


At present, no work is being done in slight- 
ly fractured formations, but much research is 
being performed to develop methods for in- 
creasing their permeability by enlarging nat- 
ural fractures and creating new ones. Some 


*These properties have economic significance. Pour point is 
the lowest temperature at which oil will flow. Oils with high 
pour points are hard to transport because they solidify at nor- 
mal ambient temperatures. Viscosity is a measure of a fluid’s 
resistance to flow. Oils with high viscosity are expensive to 
pump. Reducing the high nitrogen content of most crude shale 
oils consumes hydrogen, which is costly. 

**Both of these processes produce carbon dioxide, which is 
a major constituent of gases produced by some aboveground re- 
torts. 


of the fracturing techniques used have been 
chemical explosives, electricity, and injecting 
high-pressure air and water. These methods 
have been used to enhance recovery of con- 
ventional petroleum; oil shale fracturing 
poses a similar problem. Nuclear explosives 
were also proposed in the 1960’s, but were 
not tested because of their potential for harm- 
ing the environment. A nuclear test—Project 
Rio Blanco—was conducted in the Piceance 
basin to fracture sand formations containing 
natural gas. The test failed. 


The earliest TIS work was by Sinclair Oil 
Co., between 1953 and 1966. A thin section of 
shale in the Mahogany Zone of the Piceance 
basin was fractured by injecting air. The bed 
was ignited, although with difficulty, and a 
small quantity of shale oil was collected be- 
fore the hot shale swelled and sealed the 
fractures. After additional tests, Sinclair con- 
cluded that the zone’s limited permeability 
would not permit profitable operations. * 


Research on TIS processing began at 
USBM in the early 1960’s. In 1974, the pro- 
grams and personnel were transferred to the 
Energy Research and Development Adminis- 
tration, and in 1978, they moved to DOE. The 
R&D programs have included laboratory ex- 
periments, computer simulations, pilot-plant 
studies, and field tests. Among the latter 
were tests of electrical, hydraulic, and ex- 
plosive fracturing and combustion retorting 
near Rock Springs, Wyo. These revealed 
some of the problems associated with the TIS 
approach. In one early test, for example, 
after inert gas at about 1,300° F (705° C) was 
pumped into a fractured formation for a peri- 
od of 2 weeks, about 1 gal of shale oil was re- 
covered. In another experiment in a zone that 
contained 7,800 bbl of shale oil in place, it 
was estimated that only 60 bbl of the close to 
1,000 bbi that were released were actually 
recovered. 


Low oil recoveries are often associated 
with TIS processing because of the large im- 


*The results of a mathematical simulation indicated that 
about 18 years of continuous steam injections would be re- 
quired to heat the shale to pyrolysis temperatures within a 30- 
ft radius of a fracture. 


| permeable blocks of shale in the fractured 


formation. These cannot be fully retorted in a 
reasonable length of time. Irregular fractur- 


| ing patterns that can cause the heat carrier 


to bypass large sections of the deposit are 


_ another problem. Oil shale that is located in 


the bypassed regions will not be retorted. 


_ And, even if all of the shale in a fractured 


area were retorted, much of the oil would not 


| reach the production wells, but would remain 


trapped in the pores of the spent shale or 
would diffuse beyond the production wells, to 
be lost in surrounding areas. 


To develop methods for improving recov- 


ery, an extensive R&D program has been con- 


ducted at the Federal research center in Lar- 
amie, Wyo. Aboveground batch retorts with 
capacities of both 10 and 150 tons of shale 


| have been used to simulate in situ retorting, 


but under more controlled conditions than ex- 
ist underground. Oil recoveries of up to 67 
percent have been achieved, and an experi- 
ment in a ‘“‘controlled-state’’ retort achieved 


| 95-percent oil recovery.* 


In 1976 and 1977, the program was ex- 
panded to include field tests of different frac- 
turing and retorting techniques under cost- 
sharing contracts with Equity Oil, Talley- 
Frac, Inc., and Geokinetics, Inc.** The Equity 
program has been described. The Talley-Frac 


_ program was terminated after the fracturing 
|. method failed. The Geokinetics process uses a 


fracturing technique called surface uplift in 


which an explosive is injected into several 
wells and detonated to fracture the shale and 


|| make it permeable to fluid flow. The shale is 
| ignited by injecting air and burning fuel gas 
| through one well. It is pyrolyzed by the heat 
‘that sweeps through the bed in the gas 
| stream. Oil and gases are pumped to the sur- 
| face through outlying production wells. It is 


hoped that the technical feasibility of the 


*The large retorts resemble the classic Nevada-Texas-Utah 
(NTU) retort that is described later in this chapter. Because of 
the higher percentage of void volume in the rubble, these re- 
torts provided better simulations of MIS processing than of 
TIS. The controlled-state retort was much smaller and was 
equipped for better control of retorting conditions. 

**The procurement also included a contract with Occidental 
Oil Shale, Inc., to develop its MIS process, which is discussed in 


' the next section. 
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process can be demonstrated for thin depos- 
its that are covered by less than 100 ft of 
overburden. It has been estimated that there 
are at least 6 billion bbl of shale oil in place in 
this type of deposit. It is common in the Uinta 
basin,'’® and at present, would be most eco- 
nomically developed by strip mining. 


Geokinetics has been investigating the sur- 
face uplift approach since 1973, and is pres- 
ently burning its 20th retort in Utah. The 
largest retort prior to 1979 measured 130 ft 
by 180 ft by 30 ft thick. A retort about 200 ft 
on a side and 30 ft thick will be required to 
demonstrate the technical feasibility of the 
process. By 1982, DOE and Geokinetics hope 
to have developed a commercial-scale opera- 
tion with a production capacity of 2,000 
bbl/d.'” 


Modified In Situ 


In MIS processing, the permeability of oil 
shale deposits is increased by mining some 
shale from the deposit and then blasting the 
remainder into the void thus created. The 
two-step process is depicted in figure 27. In 
the first step, a tunnel is dug to the bottom of 
an oil shale bed, and enough shale is removed 
to create a room with the same cross-section- 
al area as the future retort. Holes are drilled 
through the roof of the room to the desired 
height of the retort. They are packed with ex- 
plosives that are detonated in the second 
step. A chimney-shaped underground retort 
filled with broken shale results. The access 
tunnel is then sealed, an injection hole is 
drilled from the surface (or from a higher 
mining level) to the top of the rubble pile. The 
pile is ignited by injecting air and burning 
fuel gas, and heat from the combustion of the 
top layers is carried downward in the gas 
stream. The lower layers are pyrolyzed, and 
the oil vapors are swept down the retort to a 
sump at the bottom from which they are 
pumped to the surface. The burning zone 
moves slowly down the retort, fueled by the 
residual carbon in the retorted layers. When 
the zone reaches the bottom of the retort, the 
flow of air is stopped, causing combustion to 
cease. 
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Figure 27.— Modified In Situ Retorting 


OVERBURDEN 


BLASTHOLES 


OIL SHALE 
OUTCROP 


RICH SHALE 
TO BE 
RUBBLED 


LEAN SHALE 
REMOVED FOR 
SURFACE 
RETORTING 
OR DISPOSAL 


STERIB GAS TO 
«fe _ PURIFICATION 
_E-BLOWER COMBUSTION 
AIR 


RECYCLE GAS 


OVERBURDEN 


RUBBLED SHALE 


Sia Nea 


WUT 


ADIT SEAL 
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Headframe at tract C-a 


Occidental Oil Shale, Inc., a subsidiary of 
Occidental Petroleum (Oxy) has demon- 
strated the MIS process.'"® Oxy’s work began 
in 1972 on the D. A. Shale property along 
Logan Wash—a private tract on the southern 
fringe of the Piceance basin about 50 miles” 
northeast of Grand Junction, Colo. To date, 
six retorts have been burned at the site, with 
varying degrees of success. The first retort 
was about 32 ft on each side and 70 ft high. 
About 60 percent (1,200 bbl) of the shale oil in 
place was recovered, comparable to the best 
results from USBM’s experiments at Lara- 
mie. The next two retorts were slightly 
larger, and performed similarly. The fourth 
retort was of nearly commercial size—120 ft 
on each side and 270 ft high. It contained 
about 32 times as much shale as the first re- 
tort and yielded about 25 times as much oil. 
The fifth was the same size but was designed 
for a much lower void volume. The rubbling 
step did not evenly distribute the void volume, 
and the performance was poor. Only 40 per- 
cent of the oil was recovered. The burning of 
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retort 6 began in 1978, but the sill pillar—the 
layer of unbroken shale that caps a retort— 
collapsed into the rubble pile. Operations 
were disturbed while the top was resealed, 
but retorting was eventually completed, and 
about 40 percent of the oil was recovered. 
DOE will share the costs of retorts 7 and 8, 
which are scheduled for 1980 and 1981. 


The oil shale at the Logan Wash site is not 
considered to be of commercial quality be- 
cause of its low kerogen content. In 1976, Oxy 
acquired access to the higher quality re- 
sources of tract C-b by exchanging its tech- 


_ nical knowledge for a half interest in the 
_ lease. In 1978, Ashland Oil Co., Oxy’s partner 


in the C-b Shale Oil Venture, withdrew and 


left Oxy in full charge. In 1979, Tenneco Oil 


Co. purchased a half interest in the lease for 
$110 million and is proceeding to develop the 
tract in cooperation with Oxy. If present 


|, plans are followed, Oxy’s technology could be 


used to produce about 57,000 bbl/d by 1985. 


Oxy’s technique uses a vertical burn con- 


_ figuration—that is, the combustion zone pro- 


gresses vertically through the shale bed. It is 


also theoretically possible to advance the 
|| burn front horizontally, in much the same 


way as it is done in TIS processing. A crude 


_ version of this approach was implemented in 


Germany during World War II, when a few 


MIS retorts were created by digging tunnels 


into oil shale deposits and then collapsing 


_ their walls into the void volume. These opera- 
tions were short-lived because oil recoveries 
' were extremely low, and they were very hard 


to control.!? 


Horizontal MIS might be practical if a tech- 
nique could be developed to remove large sec- 
tions of oil shale strata. One possibility is to 
use solution mining: the injection of fluids into 
the formation to dissolve soluble salts from 
among the oil shale layers. The result would 
be a honeycomb pattern of voids that could 
then be distributed throughout the area to be 
retorted by injecting and detonating an explo- 
Sive slurry. This method would be limited to 
areas like the Leached Zone or the Saline 


Zone that contain significant concentrations 


of soluble salts. Other methods, such as long- 


wall mining or mechanical underreaming, 
could be used in other areas. It might be pos- 
sible to operate mechanical underreaming 
machines by remote control from the surface, 
thus reducing or even eliminating the need 
for miners to work underground. None of 
these approaches has been tested in any. oil 
shale deposit. 


Other MIS techniques that use vertical- 
burn patterns have also been developed. For 
example, the firm of Fenix and Scisson de- 
signed two systems for underground mining, 
rubbling, and retorting in the vertical mode.” 
To date, they have been tested only with a 
computer model. DOE’s Lawrence Livermore 
Laboratory has also developed an MIS tech- 
nique called rubble in situ extraction (RISE) 
with the aid of computer simulation and lab- 
oratory experiments in pilot-scale above- 
ground retorts.2:23 (See figure 28.) Several 
levels are mined, and a portion of the deposit 
is removed at each. The remaining shale is 
broken with explosives. Sufficient broken 
shale is then removed so that there is a total 
void volume of 20 percent in the retort area. 
The rubble is then ignited at the top, and re- 
torting proceeds as in the Oxy system. 


The RISE approach was originally pro- 
posed by Rio Blanco Oil Shale Co. for tract 
C-a, but the firm is now going ahead with its 
own process, which has benefited from tech- 
nical information acquired under a licensing 
arrangement with Oxy. Livermore’s modeling 
studies and laboratory experiments are con- 
tinuing. 


The initial plans for developing tract C-a by 
MIS methods are shown in figure 29. They 
would have involved five precommercial re- 
torts of increasing size. The present plan, 
which was adopted after purchase of Oxy’s 
MIS technology, is shown in figure 30. In the 
new development plan, a small pilot retort 
(retort ‘‘O’’) will be followed by two demon- 
stration retorts of increasing size. The largest 
(retort ‘‘2’’) will be close to commercial scale. 
Several options of different size are being 
considered for retort 2, with one option a re- 
tort with dimensions 60 ft by 150 ft by 400 ft 
high. The method by which the shale is rub- 
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Figure 28.—The RISE Method of MIS Oil Shale Retorting 


ie “sp. : t : Safe 


= 
we 
SR, 


™~ 
“._ > BLOCK BEING RETORTED’ —e 
: pe — 


> ~~ WX SS 
fina BLOCK UNDER DEVELOPMEN <a 
pe iy at Se 


Ger oT OOM 

‘509 <, Rubblized shale 7@;} 

0 ae 4 Woe. 5 . . 

a IC) 9 Ou SNe 

me 2D eS ws 
s 


A. Isometric 


RO ao 7 A eee O+- 8 

O07 tg020- 0, AMOS i fe 
ane 22 1O.' a COR Loading 
G i Be Pavelh Development proceeds simultaneously on several levels. At each 
08. Th level, horizontal drifts are driven the full width of the retort block, 
p-8 )00 and a vertical slot is bored to provide void volume for blasting. 
Ly OY About 20% of the broken shale is removed after each blasting 
a. CO-y operation. The rest is left in the retort volume. 
) . . | | 
4 500 -A tin Fan drilling | @) 


Sublevel Level B 
—< Starting slot 


ares Development Fy 
Level C 


B. Elevation 


SOURCES: Oi! Shale Retorting Technology, prepared for OTA by Cameron Engineers, Inc., 1978; and C. K. Jee, et al., Review and Analysis of Oil Shale Technology— 
Volume 3: Modified In Situ Technology, report prepared for the U.S. Department of Energy by Booz-Allen & Hamilton, Inc., under contract No. EX-76-C- 


01-2343, August 1977, p. 6. 


Ch. 5—Technology * 135 


Figure 29.—Initial Modular MIS Retort Development Plan for Tract C-a 
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bled, and the fraction of the shale that is 
mined from each retort area are two of the 
major differences between the Rio Blanco ap- 
proach and Oxy’s technique. Oxy has tested 
several rubbling methods, including drilling 
blastholes up from a room at the bottom of the 
retort, drilling down from the top, and boring 
a central shaft the full length of the retort 
and then blasting the surrounding shale into 
the shaft. In Rio Blanco’s approach, a room 
will be created at the bottom of the future re- 
tort, blastholes will be drilled from the sur- 
face into the roof of the room, and explosives 
will be detonated sequentially at different 
levels. The shale above the room will thereby 
be blasted loose in layers, with each layer of 
rubble falling to the bottom of the retort 


volume before the next higher layer is 
blasted. Through this technique, Rio Blanco 
hopes to obtain uniform size distribution in 
the rubble. This is believed to be a key techni- 
cal requirement for efficient MIS retorting. 
Rio Blanco also proposes to mine twice the 
volume (40 v. 20 percent) as is contemplated 
by Oxy. 


Another MIS method that is still being de- 
signed is the integrated in situ technology pro- 
posed by Multi Mineral Corp. for recovering 
shale oil, nahcolite, alumina, and soda ash 
from oil shale deposits in the Saline Zone of 
the Piceance basin. This zone underlies the 
Leached Zone, is relatively free from ground 
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Figure 30.—Present MIS Retort 
Development Plan for Tract C-a 


Down-Hole 
Burners 


Ventilation Shaft 
Off-Gas Shaft 


Access Shaft 


SOURCE: The Pace Co. Consultants and Engineers, Inc., Cameron Synthetic 
Fuels Report, vol. 16, No. 3, September 1979, p. 2-8. 


water, and contains extensive resources of 
nahcolite and dawsonite in addition to oil 
shale. Development is hindered because the 
zone is deeply buried (about 2,000 ft) below 
the surface of the basin. To reduce the costs 
of its R&D program, Multi Mineral has pro- 
posed to use an 8-ft-diameter shaft that was 
drilled by USBM in 1978 through the Leached 
Zone and into the Saline Zone. In the first 
phase, mining and mine safety methods will 
be tested, and about 8,000 tons of nahcolite 
and 11,000 bbl of shale oil will be produced. 
The nahcolite will be used for stack-gas 
scrubbing tests in a powerplant. In the sec- 
ond phase, a retorting module will be used to 
produce up to 3,000 ton/d of nahcolite, 10,000 
bbl/d of shale oil, 200 ton/d of alumina, and 
3,000 ton/d of soda ash. The modular retort 
and the access shafts and drifts are shown in 


figure 31. If technical and economic feasibili- 
ty is indicated during the test program, Multi 
Mineral would proceed to a commercial-scale 
facility that would produce 50,000 bbl/d of 
shale oil, 10,000 ton/d of nahcolite, 1,000 
ton/d of alumina, and 20,000 ton/d of soda 
ash. 


The Multi Mineral approach resembles the 
RISE technique in that mining and rubbling 
are conducted at several levels along the 
height of the retort. It departs from RISE in 
that, after rubbling, the broken shale in the 
retort is removed from the bottom, crushed 
and screened, and returned to the top in a 
continuous operation. This part of the retort 
development plan is shown in figure 32. The 
rubbled shale will contain free nahcolite and 


Figure 31.—Retort Development Plan for the 
Multi Mineral MIS Concept 
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Figure 32.—Preparation of a Multi Mineral 
MIS Retort 
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Dye: 
nahcolite that is still associated with the 
large blocks of shale. Crushing will liberate 
most of the associated nahcolite, and screen- 
ing will separate it from the shale particles. 
The shale will be backfilled to the top of the 
retort; the nahcolite is transported to the sur- 
face for processing. The result would be a re- 
tort that is filled with uniformly sized oil shale 
particles. With this configuration, Multi Min- 
eral hopes to avoid the channeling and by- 
passing problems that may occur in TIS and 
MIS processing. 


In a commercial-scale facility, the retorts 
would be operated in sets of three, as shown 
in figure 33. In retort 3, the oil shale is being 
pyrolyzed by injecting hot gases to produce 
shale oil (which is removed to the surface), 
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residual carbon, and soda ash and aluminum 
oxide—the products of the thermal decompo- 
sition of dawsonite. The last three products 
remain in the retort rubble. In retort 2, the re- 
sidual carbon is being gasified by injecting a 
mixture of steam and air. The heat from the 
gasification reaction is carried to retort 3. In 
retort 1, the hot gasified shale is being cooled 
by passage of cold recycle gas. The heat thus 
recovered is conveyed to retort 2. After the 
shale in retort 1 is cooled, the soda ash and 
the aluminum oxide can be leached out with 
water. The leachate is then pumped to the 
surface and processed to recover its mineral 
values. 


Temperature control is the key to the entire 
operation. Oil alone could be recovered with 
a combustion-type method, such as Oxy’s, but 
because of the high temperatures, the decom- 
position of the dawsonite would produce com- 
pounds insoluble in water. The gas-recycle 
heating method would avoid this problem by 
maintaining lower retorting temperatures. 
The operation also depends on the ability of 
explosive rubbling techniques to produce 
broken shale that can be fed to conventional 
crushing equipment. Overall, the method is 
very interesting because of its potential for 
simultaneously recovering fuel and minerals 
from deposits that may not be accessible with 
any other approach. However, too little is 
known about the various steps to permit a 
thorough evaluation at this time. 


Aboveground Retorting 


Hundreds of retorts have been invented in 
the 600-year history of oil shale development. 
Most were never brought to the processing 
stage but some were tested using laboratory- 
scale equipment, and a few at pilot-plant and 
semiworks scales. None has been tested at a 
scale suitable for modern commercial opera- 
tions. This section summarizes the technical 
aspects of seven retorting systems that offer 
the promise of being applicable in the near 
future. One obsolete technology that is the 
basis for several of the modern systems is 
also discussed. 
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Figure 33.—A Set of Multi Mineral MIS Retorts 
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Although aboveground retorts differ wide- 
ly with respect to many technical details and 
operating characteristics, they can be 
grouped into four classes: 


e Class 1: Heat is transferred by conduc- 
tion through the retort wall. The Pump- 
herston retorts used in Scotland, Spain, 
and Australia were of this class, as is 
the Fischer assay retort that was devel- 
oped in the 1920’s. It is a laboratory 
device for estimating potential shale oil 
yields. Its oil yield is the standard to 
which the retorting efficiencies of all 
other retorts are compared. Because 
conduction heating is very slow, no mod- 
ern industrial retorts are in class 1. 

e Class 2: Heat is transferred by flowing 
gases generated within the retort by 
combustion of carbonaceous retorted 
shale and pyrolysis gases. Retorts in this 
class are also called directly heated. 


They include the Nevada-Texas-Utah 
(NTU) and Paraho direct processes de- 
scribed below, and also USBM’s gas 
combustion retort and the Union ‘‘A”’ 
retort. Class 2 retorts produce a spent 
shale low in residual carbon and low-Btu 
retort gas. Their thermal efficiencies are 
high because energy is recovered from 
the retorted shale. However, recovery 
efficiencies are relatively low—about 80 
to 90 percent of Fischer assay. 


Class 3: Heat is transferred by gases 
that are heated outside of the retort ves- 
sel. Retorts in this class are also called 
indirectly heated. They include the Para- 
ho indirect, Petrosix, Union ‘‘B,”’ and Su- 
perior retorts discussed below, and also 
the Union SGR and SGR-3, the obsolete 
Royster design, the Soviet Kiviter, the 
Texaco catalytic hydrotort, and others. 
These retorts produce a carbonaceous 


spent shale and a high-Btu gas. Thermal 
efficiencies are relatively low because 
energy is not recovered from the residu- 
al carbon, but oil recovery efficiencies 
are high, from 90 to over 100 percent of 
Fischer assay. 

e Class 4: Heat is transferred by mixing 
hot solid particles with the oil shale. 
They include the TOSCO II and Lurgi- 
Ruhrgas retorts described below, and 
also the Soviet Galoter retort. Class 4 re- 
torts achieve high oil yields (about 100 
percent of Fischer assay) and produce a 
high-Btu gas. The spent shale may or 
may not contain carbon, and thermal ef- 
ficiencies vary, depending on whether 
the spent shale is used as the heat car- 
rier. The retorts are sometimes referred 
to as indirectly heated, as in class 3, be- 
cause they also lack internal combus- 
tion, and produce a similar gas product. 


Several other conversion methods have been 
developed that cannot easily be placed in 
these classes. These include microwave heat- 
ing, bacterial degradation, gasification, and 
circulation of hot solids slurries. Although 
some of these processes have potentially val- 
uable characteristics, they will not be dis- 
cussed in this section because they have not 
yet been proposed for near-term commercial 
application. 


The Nevada-Texas-Utah Retort 


The NTU retort is a modified downdraft 
gas producer similar to units used in the 19th 
century to produce low-Btu gas from coal. It 
is a vertical steel cylinder, lined with refrac- 
tory brick and equipped with an air supply 
pipe at the top and an exhaust pipe at the bot- 
tom. The top may be opened for charging a 
batch of shale; the bottom for discharging the 
spent shale after retorting. The unit was de- 
veloped and tested for oil shale processing by 
the NTU Co. in California in 1925, and was 
also tested by USBM at Rifle, Colo., from 1925 
to 1929. Two units with nominal capacities of 
40 tons of raw shale were built and operated 
by USBM at Rifle between 1946 and 1951. 
They produced more than 12,000 bbl of shale 
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oil. Three units that were operated in Austra- 
lia during World War II produced nearly 
500,000 bbl. As noted previously, USBM used 
two units to simulate in situ retorting. 


The operating sequence for the NTU retort 
is shown in figure 34. The unit is loaded with 
crushed oil shale and sealed. The gas burner 
is lighted, and air is blown in. Once the top of 
the shale bed is burning (step A), the fuel gas 
is shut off but the air supply continues. As the 
air flows through the burning layer, it is 
heated to approximately 1,500° F (815° C). 
This hot gas heats the shale in the lower lay- 
ers and induces the pyrolysis of the kerogen. 
The oil and gases produced are swept down 
through the cooler portions of the bed to the 
exhaust port (step B). The solid product from 
the conversion of the kerogen (residual car- 
bon) remains on the spent shale and is con- 
sumed as the combustion zone moves down 
the retort, providing fuel for additional com- 
bustion and thereby heat for additional pyrol- 
ysis. When all the carbon is burned from the 
upper layers of the bed, the four zones shown 
in step C are formed. The top layer contains 
burned and decarbonized spent shale. The 
second layer is burning, releasing heat for py- 
rolysis in the third layer. In the bottom layer, 
the shale is being heated but is not yet at py- 
rolysis temperatures. 


As time passes, the top layer expands 
downward and the lower three zones move 
uniformly down the retort. When the leading 
edge of the combustion zone reaches the ex- 
haust port, oil production ceases, air injection 
stops, and the retort is emptied. The dumping 
of spent shale ash from the 40-ton NTU at 
Laramie is shown in figure 35. The entire 
cycle, from ignition to dumping, takes about 
40 hours. 


NTU retorts are simple to operate, and re- 
quire no external fuel except for small 
amounts of gas to start the retorting. They 
can process a wide variety of shales with oil 
recoveries ranging from 60 to 90 percent of 
Fischer assay. They are unsuitable for mod- 
ern commercial applications because they 
are batch units with high labor costs and 
small capacities. Over 600 150-ton retorts 
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Figure 34.—The Operation of an NTU Retort 
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would be needed to produce 50,000 bbi/d of 
crude shale oil. In contrast, plants using some 
of the continuous technologies described be- 
low would require only about six retorts for 
the same production capacity. 


The Paraho Direct and Indirect Retorts 


An NTU retort becomes a Paraho direct re- 
tort when it is turned upside down, made con- 
tinuous, and mechanically modified. The Par- 
aho retorts are based on USBM’s gas combus- 
tion retort which, in turn, evolved from the 
NTU retorts tested at Anvil Points in the late 
1940’s. The gas combustion process was 
tested in 6-, 10-, and 25-ton/d units by USBM 
between 1949 and 1955, and by a consortium 
of six oil companies between 1964 and 1968. 
The Paraho direct retort is similar in design 


to the gas combustion technology but it is 
more likely to be commercialized. It was de- 
veloped by Development Engineering, Inc., 
(DEI) in the late 1960’s, and was tested for 
limestone calcining in three cement kilns in 
South Dakota and Texas. Each kiln had a ca- 
pacity of 330 ton/d and was comparable to 
the largest gas combustion retort tested by 
the six oil companies. 


After verifying the solids-flow character- 
istics of the Paraho technology in the lime- 
stone kilns, DEI leased the Anvil Points site 
from the Federal Government in May 1972, 
and began a 5-year program to develop the 
technology for oil shale processing. Funding 
was obtained from a consortium of 17 energy 
companies and engineering firms. In return 
for a contribution of $500,000, each company 
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Figure 35.— Discharging Spent Shale Ash From a 40-Ton NTU Retort 


SOURCE: U.S. Department of Energy. 
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was guaranteed a favorable royalty arrange- 
ment in any subsequent commercial applica- 
tion of DEI’s technology. The Paraho Develop- 
ment Corp. was formed to manage the proj- 
ect.* Two retorts, a pilot-scale unit 4.5 ft in 
diameter and 60 ft high and a semiworks unit 
10.5 ft in diameter and 70 ft high, were in- 
stalled and tested after August 1973. They 
were used to produce over 100,000 bbl of 
crude shale oil, some of which was used for 
refining and end-use experiments by DOE 
and the Department of Defense. Maximum 
throughput rates reached about 400 ton/d in 
the semiworks unit. Both direct and indirect 
heating modes were tested. 


The Paraho retort is shown in figure 36, 
and the Anvil Points semiworks unit in figure 
37. In its direct mode, the retort is very simi- 
lar to the older gas combustion design. How- 
ever, significant differences exist in the shale 
feeding mechanism, in the gas distributors, 
and in the discharge grate. During operation, 
raw Shale is fed to the retort through a rotat- 
ing distributor at the top. It descends as a 
moving bed along the vertical axis of the re- 
tort. As it moves, it is heated to pyrolysis tem- 
peratures by a rising stream of hot combus- 
tion gases. The oil and gas produced are 
swept up through the bed to collecting tubes 
and out of the retort to product separation 
equipment. The retorted shale retains the re- 
sidual carbon. As the shale approaches the 
burner bars, the carbon is ignited and gives 
off the heat required for pyrolyzing addition- 
al raw shale. Passing beyond the burner bars, 
the shale is cooled in a stream of recycle gas 
and exits the bottom of the retort through the 
discharge grate. It is then moistened and sent 
to disposal. 


The retort may also be operated as a class 
3 retort. The configuration would resemble 
directly heated operations except that air 
would not be injected and the offgas steam 
would be split into four parts after oil separa- 
tion. One part would be the net product gas. 
Another would be sent through a reheating 
furnace and then reinjected into the middle of 


*“Paraho”’ is from the Portuguese words “‘para homen’’— 
for mankind. 


Figure 36.—The Paraho Oil Shale Retorting System 
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Figure 37.—The Paraho Semiworks Unit at Anvil Points, Colo. 
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the retort. A third would not be reheated but 
would be reinjected through the bottom of the 
retort to cool the shale before discharge. The 
fourth would be used for fuel in the reheating 
furnace. All heat for kerogen pyrolysis would 
be provided by the reinjected gases, and no 
combustion would occur in the retort vessel 
itself. 


To date, the Paraho retorting technology 
has been tested at about one-twentieth of the 
size that would be used in commercial plants. 
Paraho would like to test a full-size module 
producing about 7,300 bbl/d at Anvil Points, 
and has submitted a proposal to DOE for such 
a program. Both direct and indirect heating 
modes would be tested. Permission has been 
obtained from the Department of the Navy to 
use large quantities of shale from the Naval 
Oil Shale Reserves for the program. An envi- 
ronmental impact statement (EIS) is being 
prepared for the project. Paraho has re- 
sponded to a DOE Program Opportunity No- 
tice for a $15 million engineering design study 
of modular oil shale retorting, and would 
base the design of the Anvil Points module on 
results of the study. Outcome of the procure- 
ment has not yet been announced. 


The Petrosix Indirectly Heated Retort 


The Petrosix process was developed for the 
Brazilian Government by Petrobras, the na- 
tional oil company, with the assistance of 
Cameron and Jones, Inc., a U.S. engineering 
firm. Russell Cameron, later president of 
Cameron Engineers, worked on the gas com- 
bustion program at Anvil Points, as did John 
Jones, later president of Paraho. The system 
is depicted in figure 38. Figure 39 is a photo- 
graph of the demonstration retort that has 
been built and tested in Brazil. The retort is 
18 ft in diameter, and has a capacity of 2,200 
ton/d of Irati oil shale. It was built in 1972, 
and tested intermittently until quite recently. 
In 1975, a U.S. patent was issued for the proc- 
ess. A 50,000-bbl/d plant is planned by the 
Brazilian Government, to be developed in a 
two-stage project. The first stage would in- 
volve construction of a 25,000-bbl/d facility 
about 5 miles from the site of the demonstra- 


tion plant near the city of Sao Mateus do Sul 
in the State of Parana. In the second stage, 
the full commercial plant would be built on 
the same site, to include 20 Petrosix units, 
each about 33 ft in diameter. Brazil is not 
committed to either stage, but if financing is 
obtained in 1980, the first stage could be com- 
pleted by 1983 and the second by 1985. In 
addition to the shale oil, the plant would 
also produce sulfur and liquefied petroleum 
gases. Preliminary plans are also being pre- 
pared for two additional commercial-scale 
plants south of the present demonstration 
plant in the State of Rio Grande do Sul. 


Except for mechanical differences, the 
Petrosix retort is very similar to the Paraho 
indirect retort described above. This similari- 
ty is not surprising in view of the shared engi- 
neering heritage of the two systems. One 
operational difference is that the Petrosix 
spent shale is discharged into a water bath 
and pumped in a slurry to a disposal pond. 
Paraho shale is discharged dry, with only a 
little water added prior to disposal. 


Little information has been released about 
the demonstration program. Oil characteris- 
tics have been described, but these have little 
relevance to the processing of Green River 
shale. It can be predicted that the retort 
should have high oil recovery efficiencies and 
produce a retort gas with high heating value. 
The spent shale would be carbonaceous. In 
the demonstration plant, recovery of energy 
from the spent shale was not possible be- 
cause of the slurry disposal method. In any 
commercial plant, it is possible that the shale 
would be burned in a separate unit to pro- 
duce heat for pyrolysis. 


The Union ‘‘B’’ Indirectly Heated Retort 


The Union ‘“‘B”’ retort is a class 3 retort that 
evolved from the Union ‘‘A,”’ a class 2 retort, 
by the Union Oil Co. of California. Two other 
systems, the SGR and SGR-3, have also been 
proposed by Union. Union describes them all 
as continuous, underfeed, countercurrent re- 
torts. The ‘‘B’’ has not been field tested, but 
the ‘‘A’’ was tested in Colorado in the 1950’s 
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Figure 38.—The Petrosix Oil Shale Retorting System 
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at up to 1,200 ton/d. Figure 40 is a sketch of 
the Union ‘‘B”’ design. It incorporates most of 
the design features of the “‘A.”’ 


During operation, shale is fed through the 
bottom of the inverted-cone vessel. The re- 
torting process thereafter resembles that of a 
continuous NTU retort. Hot gases enter the 
top of the retort and pass down through the 
rising bed, causing kerogen pyrolysis. Shale 
oil and gas flow down through the bed. The oil 
accumulates in a pool at the bottom, which 
seals the retort and acts as a settling basin 
for entrained shale fines. Oil and gas are 


withdrawn from the top of the pool. The gases 
are split into three streams. One is reheated 
and reinjected to induce additional kerogen 
pyrolysis; one is used as fuel in the reheating 
furnace; and one is the net product. The shale 
is discharged from the top of the retort and 
falls into a water bath in the retorted shale 
cooler. From there it is conveyed to disposal. 


The key to all of Union’s retorting systems 
is the solids pump that is used to move the oil 
shale through the retort. In the “‘B’’ design, 
the solids pump is mounted on a movable car- 
riage and is immersed in the shale oil pool. 
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Figure 39.—The Petrosix Demonstration Plant, Sao Mateus do Sul, Brazil 


SOURCE: Cameron Engineers, Inc. 
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Figure 40.—The Union Oil “‘B” Retorting Process 
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The pump consists of two hydraulic assem- 
blies that act in sequence. (See figure 40.) 
While the cylinder of one assembly is filling 
with oil shale, the other is charging a batch of 
shale into the bottom of the retort. When this 
operation is completed, the carriage moves 
horizontally on rails until the full cylinder is 
under the retort entrance. A piston then 
moves the oil shale in this cylinder upwards 
into the retort, while the other fills with fresh 
shale from the other feed chute. The carriage 
then returns to its original position and the 
process is repeated. 


The ‘‘B’’ achieves high oil yields, and the 
retort gas has a high heating value, although 
much of it is consumed in the reheating fur- 
nace. The mechanical nature of the rock 
pump is troublesome because its moving 
parts would be subject to wear during opera- 
tion. However, the pump is immersed in the 
shale oil pool, which should provide adequate 
lubrication. Union appears to be satisfied 
with its reliability. 


In 1976, Union announced plans to build a 
demonstration plant on its private land in Col- 
orado. The ‘‘B”’ retort was to be used to pro- 
duce 7,000 bbl/d of shale oil from 10,000 ton/d 
of oil shale. Later, the announced capacity 
was increased to 9,000 bbl/d. The demonstra- 
tion plant, called the Long Ridge project, 
would be the first step towards a 75,000-bbl/d 
commercial-scale plant. Air quality permits 
have been obtained for the modular plant, 
which could be completed before 1985. Con- 
struction has not begun because Union is 
awaiting financial incentives from the Feder- 
al Government. 


The Superior Oil Indirectly Heated Retort 


The Superior retort is unique among the 
aboveground retorts discussed in this section 
because it is designed for recovery of sodium- 
bearing minerals in addition to shale oil. As 
discussed in chapter 4, the minerals nahcolite 
and dawsonite occur in substantial quantities 
in portions of the Piceance basin. They are 
potential sources of sodium bicarbonate, 
soda ash, and aluminum. 


A block diagram for the Superior approach 
is shown in figure 41. In step 1, the mined 
oil shale is crushed to pieces smaller than 8 
inches and screened. About 85 to 90 percent 
of the nahcolite in the shale is in the form of 
distinct, highly friable nodular inclusions that 
become a fine powder during the crushing 
operation. This is screened from the coarser 
shale in step 2. The shale is then further 
crushed to smaller than 3 inches and is fed in 
step 3 to a doughnut-shaped traveling-grate 
retort, which includes sequential stages for 
heating, retorting, burning, cooling, and dis- 
charging the oil shale feed. The retort is 
sketched in figure 42. In the heating section, 
oil is recovered by passing hot gases through 
the moving bed. In the carbon recovery sec- 
tion, process heat is recovered by burning the 
residual carbon. In the cooling section, inert 
gases are blown through the bed of spent 
shale, cooling the shale and heating the gases 
for use in the heating section. After dis- 
charge, the cooled spent shale is sent to other 
units in which alumina is recovered from cal- 
cined dawsonite and soda ash from calcined 
nahcolite. The alumina is shipped to offsite 
aluminum refineries; the soda ash to glass 
plants; and the nahcolite to refineries and 
powerplants for use as a stack-gas scrubbing 
agent. 


Superior chose the traveling-grate retort 
because it allows close temperature control, 
important to maintaining dawsonite’s solubil- 
ity during the burning stage. Similar, simpler 
devices have been used to sinter iron ore for 
steelmaking and to roast lead and zinc sul- 
fides. Superior’s process has been tested for 
oil shale in pilot plants in Denver and Cleve- 
land. A commercial-scale plant would con- 
sume 20,000 ton/d of oil shale to produce 
10,000 to 15,000 bbi/d of shale oil, 3,500 to 
5,000 ton/d of nahcolite, 500 to 800 ton/d of 
alumina, and 1,200 to 1,600 ton/d of soda ash. 


In the early 1970’s, Superior proposed to 
build a commercial-size demonstration plant 
on its 7,000-acre tract in the northern Pi- 
ceance Basin. The deposit was to be devel- 
oped by deep room-and-pillar mining on sev- 
eral levels. The single retort was to produce 
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Figure 41.—Block Diagram for the 
Superior Multi Mineral Concept 
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| SOURCE: Oil Shale Retorting Technology, prepared for OTA by Cameron Engi- 
} neers, Inc., 1978. 
11,500 bbi/d of shale oil, plus the byproducts 
| described above. Although the tract’s re- 
| sources are extensive, its L-shaped configu- 
| ration does not favor large-scale develop- 
| ment. Superior therefore proposed to ex- 
change portions of the tract for adjacent land 
| controlled by the Bureau of Land Manage- 
ment (BLM). Approval was delayed by BLM 
review and by preparation of an EIS, a draft 
of which was recently released. In February 
1980, BLM denied the exchange because the 
two tracts involved were not considered to 
have equivalent value. The decision is open to 
review. 


The TOSCO II Indirectly Heated Retort 
The TOSCO II is a class 4 retort in which 


hot ceramic balls carry heat to finely crushed © 


oil shale. It is a refinement of the Aspeco 
process developed by a Swedish inventor. 
Patent rights were purchased by The Oil 
Shale Corp. (later Tosco) in 1952. Early devel- 
opment work was performed by the Denver 
Research Institute, including testing of a 24- 
ton/d pilot plant. In 1964 Tosco, Standard Oil 
Co. of Ohio (SOHIO), and Cleveland Cliffs Iron 
Co. formed Colony Development, a joint ven- 
ture company, to commercialize the TOSCO II 
technology. Between 1965 and 1967, the 
group operated a 1,000-ton/d semiworks 
plant on its land near Grand Valley, Colo., 
next to the site of Union’s semiworks opera- 
tions. In 1968, Colony prepared a preliminary 


engineering design and cost estimate for a 
commercial-scale plant that would contain 
six TOSCO II retorts, and convert 66,000 
ton/d of oil shale into about 46,000 bbl/d of 
shale oil. In 1969, ARCO joined Colony, and a 
second semiworks program began to test 
scaleup procedures and to evaluate environ- 
mental controls. The program continued until 
April 1972. Between 1965 and 1972 the semi- 
works plant converted 220,000 tons of oil 
shale into 180,000 bbl of shale oil. 


In 1974, the 1968 cost estimate, which had 
been updated in 1971, was further revised to 
incorporate operating data from the latter 
part of the semiworks program and to ac- 
count for additional pollution controls. The 
resulting cost estimate was about three times 
as large as the previous estimate. This cost 
escalation raised doubts about commercial 
feasibility, and the project was postponed in- 
definitely. SOHIO and Cleveland Cliffs subse- 
quently withdrew from the Colony group. 


Early in 1974, Tosco, ARCO, Ashland, and 
Shell purchased a lease for tract C-b from the 
Federal Government. Initial development 
plans for the tract involved a plant similar to 
that proposed for Colony’s private tract. 
These plans were also affected by the cost es- 
calations, and in 1976 suspension of opera- 
tions on tract C-b was granted by the Govern- 
ment. In 1977 Tosco and ARCO withdrew 
from the tract. Shell withdrew in 1977. Ash- 
land, the remaining partner, teamed with 
Oxy to develop the tract using MIS tech- 
niques. 


Colony’s semiworks retort, which is about 
one-tenth of commercial scale, is shown in 
figure 43. The TOSCO II retorting system is 
sketched in figure 44. Raw shale is crushed 
smaller than one-half inch and enters the sys- 
tem through pneumatic lift pipes in which the 
shale is elevated by hot gas streams and pre- 
heated to about 500° F (260° C). The shale 
then enters the retort, a heated ball mill, and 
contacts a separate stream of hot ceramic 
balls. As the shale and balls mix, the shale is 
heated to about 950° F (510° C), causing re- 
torting to take place. Oil vapors and gases are 
withdrawn. The oil is condensed in a fraction- 
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Figure 42.—The Superior Oil Shale Retort 
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SOURCE: Oil Shale Retorting Technology, prepared for OTA by Cameron Engineers, Inc., 1978 (after Arthur G. McKee & Co.). 


ator. Some of the gases are burned in a heat- 
er to reheat the ceramic balls to about 1,200° 
F (650° C). At the retort exit, the retorted 
shale and the cooled ceramic balls pass over 
a trommel, a perforated rotating separation 
drum. The shale, which has been thoroughly 
crushed during retorting, falls through holes 
in the trommel. It is cooled and sent to dispos- 
al. The larger balls pass over the trommel 
and are sent to the ball heater. 


Oil yields exceeding 100 percent of Fischer 
assay have been reported for the TOSCO I 
technology. However, overall thermal effi- 
ciencies are low because energy is not recov- 
ered from spent shale carbon, and much of 
the product gas is consumed in the ball heat- 
er. Tosco has patented processes to burn the 
retorted shale as fuel for the ball heater, thus 


increasing energy recovery, and freeing the 
valuable retort gases for other uses. 


The retort’s chief disadvantages are its 
mechanical complexity and large number of 
moving parts. The ceramic balls are con- 
sumed over time. The need for a fine feed size 
results in crushing costs that are higher than 
those of systems that can handle coarser 
feeds. On the other hand, all crushing opera- 
tions produce some fine shale that could be 
screened from the feed to coarse-shale re- 
torts and converted in auxiliary TOSCO II 
units. Disposal of TOSCO II spent shale 
presents some problems because it is very 
finely divided and contains carbon. 


At present Tosco is participating in two 
projects that are committed to its proprietary 
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Figure 43.—The Colony Semiworks Test Facility Near Grand Valley, Colo. 


SOURCE: Colony Development Corp. 
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Figure 44.—The TOSCO II Oil Shale Retorting System 
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retorting technology. The Colony project has 
been mentioned previously. The other ven- 
ture, the Sand Wash project, is being devel- 
oped on 14,000 acres of land in the Uinta 
Basin leased from the State of Utah. Unlike 
the Colony project, which has been sus- 
pended pending resolution of economic uncer- 
tainties, Sand Wash is proceeding towards 
commercialization in compliance with the due 
diligence requirements of the State leases. A 
plant similar to the proposed Colony facility is 
contemplated, but no schedule has been an- 
nounced for its construction. At present, 
work consists of monitoring the environment, 
and preparing to sink a mine shaft. 


The Lurgi-Ruhrgas Indirectly Heated Retort 


The Lurgi-Ruhrgas retorting system uses a 
class 4 retort in which hot retorted shale car- 
ries pyrolysis heat to oil shale. The process 
was developed jointly by Ruhrgas A. G. and 
Lurgi Gesellschaft fur Warmetechnik m.b.H., 
two West German firms that have been in- 
volved in synfuels production for decades. 
The process was developed in the 1950’s for 
low-temperature coal carbonization. A 20- 
ton/d pilot plant was built in West Germany, 
to test a variety of coals, oil shales, and 
petroleum oils. European shales were tested 
in the late 1960’s, and Colorado oil shale in 
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| 1972. The plant has since been scrapped but 
| smaller retorts are available. 


_ Coal processing plants using the Lurgi- 

| Ruhrgas technique have been built in Japan, 

) West Germany, England, and Argentina. 

_ There are also two Yugoslavian plants, each 

_ built in 1963, with a capacity of 850 ton/d of 
brown coal. The Japanese plant is also of 
commercial size, and uses the process to 
crack petroleum oils to olefins. No large-scale 
oil shale plants have yet been built. 


The retorting system is shown in figure 45. 
|| Finely crushed oil shale is mixed with hot re- 
| torted oil shale in a mechanical mixer that re- 
| sembles a conventional screw conveyor. Re- 
| torting takes place in the mixer, and gas and 
| shale oil vapors are withdrawn. Dust is re- 
moved from these products in a cyclone sepa- 
| rator and oil is separated from the gas by con- 
| densation. Retorted shale leaves the mixer 
| and is sent to a lift pipe where it is heated to 
| about 1,100° F (595° C) in a burning mixture 
|| of fuel gas and air. The hot retorted shale is 
|! then sent back to the mixer, and the process 
| is repeated. 


| High oil yields have been reported for the 
|| retort, and the product gas is of high quality. 


Figure 45.—The Lurgi-Ruhrgas Oil Shale 
Retorting System 
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Except for the mixer, the process is mechani- 
cally simple and has few moving parts. It 
should be capable of processing most oil 
shales, if they are crushed to a fine size. The 
two major problems with the system appear 
to be accumulation of dust in the transfer 
lines and dust entrainment in the oil. Dusty 
crude oil is not a severe problem because the 
dust is concentrated in the low-value residual 
product when the oil is subsequently refined. 
As with the TOSCO II process, requirements 
for a fine feed material will result in high 
crushing costs. These costs would be partial- 
ly offset by the ability to process the fine frac- 
tion from any crushing process, including 
those used to prepare shale for coarse-shale 
retorts. 


In 1972, Lurgi proposed to develop its re- 
torting technologies with Colorado oil shale. 
The program was not funded, but Lurgi’s in- 
terest in commercializing the technique has 
continued. In recent years Lurgi has been 
working with Dravo Corp. to interest U.S. 
firms in using the technology. At present, at 
least one company—Rio Blanco—has_ ob- 
tained a license to investigate the use of 
Lurgi-Ruhrgas retorts. Present plans call for 
constructing a modular Lurgi-Ruhrgas retort 
that will be close to commercial size (2,200 
ton/d). It will be used to retort the shale that 
will be mined during the preparation of MIS 
retorts on tract C-a. 


Advantages and Disadvantages of 
the Processing Options 


The greatest advantage of TIS processing 
is that mining is not required, and spent shale 
is not produced on the surface. The technical, 
economic, and environmental problems asso- 
ciated with aboveground waste disposal are 
thereby avoided. MIS does involve mining and 
aboveground waste disposal, although to a 
lesser extent than with AGR. However, the 
MIS waste is either overburden or raw oil 
shale. Both materials are found naturally ex- 
posed on the surfaces of deeper canyons in 
the oil shale basins. Although raw shale has 
low concentrations of the soluble salts, it does 
contain soluble organic materials that could 
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be leached from the disposal piles. It should 
be noted that the presence of spent shale un- 
derground has the potential to cause environ- 
mental problems because soluble salts could 
be leached by ground water. Therefore, envi- 
ronmental controls will also be needed for 
TIS and MIS methods. 


Surface Facilities 


TIS has another theoretical advantage in 
that the required surface facilities are min- 
imal, consisting only of wells, pumps, gas 
cleaning and product recovery systems, oil 
storage, and a few other peripheral units. 
These facilities would probably resemble 
those for processing of crude oil and natural 
gas. MIS requires more facilities to support 
the mine and the waste disposal program. 
Aboveground processing, which uses the 
largest number of facilities, causes the most 
surface disruption. 


Oil Recovery 


The advantage of AGR is that the condi- 
tions within the retorts can be controlled to 
achieve very high oil recoveries—approach- 
ing or even in some cases exceeding the yields 
achieved with Fischer assay retorts. Retort- 
ing efficiencies are usually lower for MIS 
processing and much lower for TIS because 
of the difficulty in obtaining a uniform dis- 
tribution of broken shale and void volume, 
which in turn, makes it difficult to maintain 
uniform burn fronts and leads to channeling 
and bypassing of the heat-carrier gases. The 
few estimates of the retorting efficiencies of 
TIS operations that have been published have 
not been encouraging. (USBM achieved recov- 
eries of 2 to 4 percent in its field tests.) MIS 
retorting has not exceeded 60-percent recov- 
ery of the potential oil in the shale within the 


retorts. It is expected that yields from MIS re- 
torts could be increased by injecting steam or 
hydrocarbon gases (as is done in Equity’s TIS 
process), but it is doubtful that recoveries can 
reach those of carefully controlled above- 
ground retorts. On the other hand, the pres- 
ent low efficiencies of MIS operations are 
partially compensated for by their ability to 
convert very large sections of an oil shale de- 
posit, by their ability to process shale of a 
lower grade than would be practical for AGR, 
and by their lower cost of preparing the shale 
for retorting. 


It is difficult to compare overall recoveries 
from MIS and AGR without making numerous 
assumptions about the operating characteris- 
tics of both systems. To make a rough com- 
parison, it could be assumed that AGR (with 
room-and-pillar mining) and MIS were to be 
applied to two 300-ft-thick deposits with iden- 
tical physical characteristics. The net recov- 
eries from several development options are 
summarized in table 18. The highest recovery 
(100 percent) is for full-subsidence mining in 
conjunction with AGR processing. It should 
be noted that full-subsidence mining, for 


either MIS processing or AGR, would result — 


in extensive surface disturbance and could 
increase risks to the miners. Subsidence min- 
ing has never been tested in oil shale. Its po- 
tential for surface disturbance could be re- 
duced by backfilling the mined-out areas with 
spent shale from surface processing. The re- 
torted shale in burned-out MIS retorts would 
also reduce the severity of subsidence. 


The three generic approaches to oil shale 
processing also have various other advan- 
tages and disadvantages with respect to 
water needs, environmental effects, financial 
requirements, and social and economic im- 
pacts. These aspects are discussed in the re- 
spective chapters of this report. 
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Table 18.—Overall Shale Oil Recoveries for Several Processing Options 


First-stage Overall shale 
Case _retorting technology First-stage mining method Second-stage processing oil recovery? 
1 AGR Conventional room-and-pillar mining on three levels. 60-ft None 36% 
rooms; 60-ft barrier and sill pillars. 
2 MIS Conventional MIS mining. 40% of shale left behind in barrier None 29% 
pillars. 20% of the disturbed shale is removed to the surface 
to provide void volume in the retorts. 
3 MIS As in Case 2. AGR processing of the mined shale. 41% 
4 AGR As in case 1. Barrier and sill pillars collapsed and 74% 
retorted by MIS. 
5 MIS Full subsidence.® None. 48% 
6 MIS Full subsidence.® AGR processing of the mined shale. 68% 
7 AGR Full subsidence.® None. 100% 


4Assuming AGR recovers 100 percent of the potential oil in the shale retorted. MIS assumed to recover 60 percent of the potential oil. 


DEntire deposit is mined. 
SOURCE: Office of Technology Assessment. 


Properties of Crude Shale Oil 


Crude shale oil (also called raw shale oil, 
retort oil, or simply shale oil) is the liquid oil 
product recovered directly from the offgas 
stream of an oil shale retort. Synthetic crude 
oil (syncrude) results when crude shale oil is 
hydrogenated. In general, crude shale oil 
resembles conventional petroleum in that it is 
composed primarily of long-chain hydrocar- 
bon molecules with boiling points that span 
roughly the same range as those of typical 
petroleum crudes. The three principal differ- 
ences between crude shale oil and conven- 
_ tional crude are a higher olefin content (be- 
cause of the high temperatures used in oil 
shale pyrolysis), higher concentrations of oxy- 
gen and nitrogen (derived from oil shale kero- 
gen), and, in many cases, higher pour point 
and viscosity. 


The physical and chemical properties of 
crude shale oil are affected by the conditions 
under which the oil was produced. Some 

Tetorting processes subject it to relatively 
high temperatures, which may cause thermal 

_ cracking and thus produce an oil with a lower 
average molecular weight. In other processes 
(such as directly heated retorting) some of the 
lighter components of the oil are incinerated 
during retorting. The result is a heavier final 
product. Others may produce lighter prod- 
ucts because of refluxing (cyclic vaporization 
| and condensation) of the oil within the retort. 


One of the most important factors is the con- 
densing temperature within the retorting sys- 
tem—the temperature at which the oil pred- 
uct is separated from the retort gases. The 
lower this temperature, the higher the con- 
centration of low molecular weight com- 
pounds in the product oil. 


The properties of crude shale oil from sev- 
eral aboveground and MIS retorting proc- 
esses are listed in table 19.” It is important to 
note that the oils that are characterized were 
produced in small-scale test runs under con- 
ditions that may not be representative of 
those that will be encountered in other areas, 
and with larger processing systems. The oils 
from commercial-scale facilities in other 
parts of the oil shale region may have proper- 
ties that are quite different. 


The properties of the oil produced by dif- 
ferent AGR processes vary widely, but the 
differences between these oils and the in situ 
oils are much more significant. In situ oils are 
generally much lighter, as indicated by their 
higher yields of material with relatively low 
boiling points, and would produce more low- 
boiling product (such as gasoline) and less 
high-boiling product (such as residual oil). In 
general, the low yields of residuum make 
shale oils attractive as refinery feedstocks in 
comparison with many of the heavy conven- 


Table 19.—Properties of Crude Shale Oil From Various Retorting Processes 


Aboveground processes 


Gas combustion 


Fischer NTU 
Retort assay 
Retort, 
weight percent 
Carbon, weight% ........ 84.59 — 84.61 84.58 
Hydrogen, weight %....... ihasee) me NO lala TAS 
Oxygen, weight % ........ == == il. = 
Nitrogen, weight % ....... 1.96 220 Re oe. Oe aan ae 
Sulfur, weight % ......... 0.61 05928 2.0°79 0576 
Carbon/hydrogenratio..... 7.34 ig A ee Fali9 
Gravity esARIY cvcccar to mee = GRA Se 20 cee cone 
Specific gravity .......... 0.92 = SS 
POUT DO\NL tans omee newt eek re 80 80 90 70 
ATSGMIGaD/INe ae ce: ea we = = = = 
NIGKGT MD /Mieamesnac ots soe = = = = 
OLE r| SWALUAN oly: oe te ce oe = — - = 
Wanadidm, P/M... cas sa. = = - -— 
Distillation, volume % 

EN Ceo an ie Sit tat ec — = a a 
NORGsS Fe, oe ee. BP 326 493 = = 
DO QD gal Se. moe ast? cases. tee 430 560 —_ = 
SOIR Re me Ste pap 518 == = = 
‘clge 0 <0 ge a tag a = ae a = 
SOs FR coh see ee 655 670 = = 
COMO een ere 685 692 = = 
FOG Soo See lage roses 705 = — = 
SOMO Ber a hae Se = = — = 
GOK Gee Fe a ee eS — — = — 
ONO a Fenn cai Geren — _ _ = 


607 
678 
743 
805 
865 
935 
1,030 
1,099 


aParts per million. Vacuum distillation at 40 mm of mercury. All other results are from atmospheric distillation. 


SOURCE: Office of Technology Assessment. 


TOSCO | 
Son 
ico = 

0.8 

1.9 1.85 
0.9 0.67 
7.34 

ele. 
0.93 0.93 
80 = 

6 a 
100 = 

3 — 

200 

7 kes |) 

410 480 

500 =. 600 

620 690 

700. = 780 

775 ~—- 860 

850 = 935 

920 1,020 


Union Oil 
mae aR 
84.0 84.80 
12.0 alee 
0.9 0.90 

2.0 1.74 
0.9 0.81 
7.0 7230 
18.6 emt 
- 0.81 
80 60 
6 =. 
5 = 
5 = 
390 _ 
465 400 
565 — 
640 _ 
710 _ 
715 731 
830 _ 
980 = 
= 960 


In situ processes 


Paraho direct Occidental oil shale USBM 
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11.50 — 11.80 = - 12.08 _ 
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| tional crudes that are currently being proc- 
| essed in the United States. For example, in 
| situ oil from Oxy’s MIS process contains 1 to 
| 4 percent of material with a boiling range of 
) over 1,000° F (535° C), compared with 20 per- 
| cent for crude from Alaska’s North Slope, 
) and 18 percent for Arabian Light crude.” 
_ Other foreign crudes, such as Kuwait and 
| Arabian Heavy, contain even larger residuum 
| fractions. Oils from some AGR processes con- 
tain as much as 30 percent of residuum 
which, although higher than the contents of in 
| situ crudes, is substantially lower than that 
| for many conventional crudes. 


Coal-derived liquids are often regarded as 
| alternatives to shale oil feedstocks. However, 
_ syncrudes from coal have a much higher yield 
of gasoline and low-boiling distillates than 
shale oil, with little or no material boiling at 
temperatures above 850° to 1,000° F (455° to 
535° C). The coal liquids would be well-suited 
for gasoline production because their higher 
concentrations of lower boiling constituents 
when refined would yield the desired light 
naphtha fractions. Shale oil, on the other 
hand, has a much higher concentration of 
high-boiling compounds, and would favor pro- 
duction of middle distillates (such as diesel 
fuel and jet fuels) rather than naphtha. Shale 
oil and coal-derived syncrudes should, there- 
fore, be regarded not as a competitive or sub- 
stitutable feedstocks but rather as comple- 
mentary feedstocks, with each yielding a dif- 


ferent major fuel product from an equivalent 
amount of refining. 


Among the negative characteristics of most 
crude shale oils are high pour point, high 
viscosity, and high concentrations of arsenic 
and other heavy metals and of nitrogen. The 
pour point and viscosity are of economic im- 
portance because transporting viscous oil 
that has a high pour point is difficult and cost- 
ly, thus suggesting the need for pretreatment 
prior to marketing.* As shown in table 19, in 
situ oils with their relatively low pour points 
and viscosities could be marketed without 
pretreatment but they would retain their high 
nitrogen contents. This would reduce their 
value as refinery feedstocks and boiler fuels. 


High concentrations of arsenic and other 
metals are a disadvantage because they poi- 
son refining catalysts, especially in hydro- 
genation units. They must be removed prior to 
catalytic processing, and a variety of physi- 
cal and chemical methods have been devel- 
oped for this purpose.” 7° It should be noted 
that the concentrations of heavy metals in 
crude shale oil will vary with the location of 
the deposit from which the oil is recovered. 
Oils from some sites may be relatively free of 
such contaminants. 


*Some conventional crudes have comparably high pour 
points. For example, the Altamont crude from Utah has a pour 
point of about 100° F (35° C). 


Shale Oil Refining 


Shale oil has been successfully refined in 
oil shale operations in Sweden, Scotland, 
Australia, West Germany, the U.S.S.R., and 
| other countries, although on a relatively 
_ small scale and under unusual economic con- 
| ditions. In the United States, the initial refin- 
ing research was conducted by USBM at the 
Petroleum and Oil Shale Experiment Station 
at Laramie, Wyo. It was coordinated with the 
early development of the gas combustion re- 
tort at Anvil Points, Colo. The results of this 
work, plus the findings of other investigators, 
| allowed a preliminary assessment to be made 


of the economic aspects of shale oil utiliza- 
tion, and justified continued efforts aimed at 
its recovery. In recent years, refining R&D 
has been revived because refiners now con- 
sider the availability of shale oil to be a dis- 
tinct possibility. There is also a need to per- 
form more precise and up-to-date economic 
analyses. 


To date, refining studies have been con- 
ducted on the upgrading of crude shale oil to 
a transportable product, and on the total re- 
fining of shale oil into finished fuels. The dif- 
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ference between these operations lies in the 
nature of the desired final product. As dis- 
cussed previously, some crude shale oils have 
pour points and viscosities that make trans- 
porting them difficult and expensive. In some 
situations, economic considerations may dic- 
tate that the crude shale oil be partially re- 
fined (upgraded) near the retorting site to im- 
prove its transportation characteristics. In 
other instances, a developer may desire to ob- 
tain a complete array of finished fuels from 
an integrated processing facility located near 
the minesite. In this case, a total-refining 
facility would be considered rather than a 
more simple upgrading plant. 


To date, upgrading experiments have been 
carried out largely at the bench scale, and 
in relatively small pilot plants. Theoretical 
studies and computer modeling have also 
been used to evaluate the expected perform- 
ance of three types of upgrading processes: 
thermal, catalytic, and additive. Thermal 
processes include visbreaking (a relatively 
mild treatment) and coking (a severe treat- 
ment). Mild thermal treatment will reduce 
pour point and viscosity, but the oil will retain 
its initial amounts of nitrogen and sulfur. In 
contrast, severe thermal treatment reduces 
pour point, viscosity, and sulfur content and 
also causes the nitrogen compounds to con- 
centrate in the heavier products. The proper- 
ties of the lighter products will thus be con- 
siderably improved. 


In catalytic processes, the shale oil is re- 
acted with hydrogen in the presence of a cat- 
alyst. Viscosity is reduced, and the nitrogen 
and sulfur are converted to ammonia and hy- 
drogen sulfide gases that can be recovered as 
byproducts. In additive processes, blending 
agents are added that reduce the pour point 
and allow the crude to be transported by 
pipeline. Such pour point depressants have 
been added in several instances with success, 
but the technique is not yet highly developed. 


Total refining studies have focused either 
on the needs of existing refineries that would 
have to be modified for processing shale oil, 
or on those of newly built facilities that could 
be designed specifically for shale oil feed- 


stocks. These studies differ in their approach 
to the analysis of refining requirements. 
Studies of existing refineries must consider 
the equipment that is in place, and must allow 
for the limited flexibility of this equipment for 
processing a feedstock that is different from 
the one for which the refinery was designed. 
Studies of specially built refineries, in con- 
trast, need not be biased in this manner, and 
can draw upon any processing technique that 
is available within the refining industry. 
However, both types of studies must make 
assumptions about feedstock characteristics 
and desired product mixes. These will vary 
with the location of the refinery, the nature of 
the market it serves, and the type of retorting 
facility that supplies its feedstocks. The op- 
timal refining conditions for one set of as- 
sumptions will probably not be applicable to 
another set. For example, a refining method 
to maximize gasoline production from TOSCO 
II shale oil would not maximize diesel fuel 
production from Oxy’s in situ oil. 


Numerous computer studies and bench- 
scale refining investigations have been con- 
ducted for a wide range of shale oil feed- 
stocks and operating conditions. The results 
of these studies can be extrapolated, with 
some degree of caution, to predict the 
performance of commercial-scale refineries. 
However, refining tests both in pilot plants 
and in commercial-scale facilities, because of 
much higher costs, have focused on only a 
few feedstocks, and have been conducted for 
particular sets of operating constraints. In 
general, each large-scale study has dealt only 
with oil from aboveground retorts or with oil 
from in situ operations, but usually not with 
both types of feedstocks. The conclusions of 
all studies are highly dependent on the com- 
bination of feedstock and refining conditions 
assumed. Caution must be used when apply- 
ing the results to different conditions. 


Shale Oil Upgrading Processes 
The treatment techniques that can be used 


to improve the transportation properties of 
crude shale oil are briefly described below. 
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 Visbreaking 


| This technique involves heating the crude 
| shale oil to approximately 900° to 980° F 
|| (480° to 525° C) and holding it at this tem- 
|, perature range for from several seconds to 
|, several minutes. The product is then cooled, 
| and the gases evolved during the heating are 
| removed. There is little reduction in the con- 
| tents of nitrogen, sulfur, and oxygen. There- 
fore, the principal improvements are reduc- 
| tions in pour point and viscosity. This tech- 
|} nique is simple but energy-intensive. It could 
| reduce the pour point of crude shale oil from 
_ about 85° F to about 40° F (30° to 4° C). 


Coking 


| This process involves heating the oil to 
' about 900° to 980° F (480° to 525° C) and 
| then charging it into a vessel in which ther- 
}/ mal decomposition occurs. If the vessel is a 
| coke drum, the process is called delayed cok- 
ing. The coke—the solid product from ther- 
|| mal decomposition—is allowed to accumulate 
}\ until it fills about two-thirds of the drum’s vol- 
|, ume. The feed is then switched to another 
drum while the coke is cleaned out of the first 
one. 


In the fluid coking process, hot oil is 
charged into a vessel that contains a fluidized 
| bed of coke particles. The particles become 
| coated with oil, which then decomposes to 
|. yield gases and another layer of coke. The 
gases are withdrawn from the vessel. The 
| coke is also withdrawn continuously, at a 
| rate sufficient to maintain an active stock of 
coke within the bed. 


The flexicoking process, developed by 
| EXXON, combines conventional fluid coking 
with gasification of the product coke. The ad- 
| vantage is that energy is recovered from the 
coke. The process is used in the refining in- 
dustry, but tests would have to be performed 
to determine if it would be suitable for the 
coking characteristics of crude shale oil. 


Catalytic Hydrogenation 


In these processes, the crude shale oil is 
reacted with hydrogen in the presence of a 
catalyst. The sulfur in the oil is converted to 
hydrogen sulfide, the nitrogen to ammonia, 
the oxygen to water, the olefin hydrocarbons 
to their paraffin equivalents,* and long-chain 
molecules to smaller molecules. The hydro- 
genation reactions can take place in a fixed- 
bed reactor through which a mixture of oil 
vapors and hydrogen is passed, in a fluidized- 
bed reactor, or in an ebulliating-bed reactor. 
The latter technique is being promoted by Hy- 
drocarbon Research, Inc., as the H-Oil proc- 
ess. Plants in several foreign nations have 
successfully used it for heavy petroleum feed- 
stocks and for residuum fractions from a va- 
riety of crudes. In this process, a mixture is 
injected into the bottom of a reactor at a high 
enough velocity to cause catalyst ebulliation 
(a boiling motion). This movement reduces the 
possibility that the bed will become plugged 
by coke and by the liquid tars that are formed 
during the coking process. It also allows spent 
catalyst and coke to be removed, and fresh 
catalyst to be added, so as to keep the bed ac- 
tively stocked. 


Catalytic hydrogenation produces  up- 
graded products of the highest quality, but it 
is relatively expensive. The use of fixed-bed 
reactors would probably be confined to the 
treatment of streams from an initial frac- 
tionation step; fluid-bed or ebulliating-bed 
processes could be used for either frac- 
tionator products or for the whole shale oil. 


*Olefins are unsaturated (lower ratio of hydrogen to carbon) 
hydrocarbon compounds having at least one double bond. They 
are the source of synthetic polymers such as polyethylene and 
polypropylene used in the manufacture of fibers and other ma- 
terials. Paraffins are saturated hydrocarbons (equal ratio of 
hydrogen to carbon) having only single bonds. Methane, 
ethane, propane, and butane are some of the paraffin hydro- 
carbons. 
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Additives 


Chemicals may also be added to crude 
shale oil to improve its transportation proper- 
ties. Pour point depressants have been suc- 
cessful in some instances, but this does not 
mean that they would always work. A chemi- 
cal that is suitable for one type of oil may not 
work at all with oil from another retorting 
process. Furthermore, pour point depres- 
sants are disadvantageous because they only 
change the physical characteristics of the oil 
and not its chemical properties. Thus, their 
cost can be offset only if they save transpor- 
tation costs. 


Conventional petroleum crudes are other 
potential blending agents. Since shale oil (at 
least in Colorado) will be produced in an area 
that also contains petroleum reserves, and 
even active crude oilfields, the possibility ex- 
ists that the light petroleum crudes could be 
mixed with crude shale oil to form a trans- 
portable blend. The feasibility of this concept 
is unclear because, in general, the blend 
would not be as valuable as a refinery feed- 
stock on a per-unit basis as would the petro- 
leum alone. However, the decrease in unit 
value would be offset by the increased vol- 
ume. In the case of a refinery that does not 
have a reliable supply of crude, this could be 
a significant advantage. 


Total Refining Processes 


The three primary factors that affect the 
design of a refining system are: 


e the characteristics of the crude shale oil 
feedstock; 

e the desired mix of finished products; and 

e the constraints imposed by the equip- 
ment and operating practices of the pro- 
posed refinery. 


The first factor probably will have the lowest 
effect because, except for the higher nitrogen 
and arsenic contents, the characteristics of 
crude shale oil are not widely different from 
those of conventional petroleum. The second 
factor—the product mix—is much more sig- 
nificant. This is evidenced by the changes 


that have occurred in the proposed configura- 
tions of shale oil refineries since the 1950’s: 
the earlier studies placed much more empha- 
sis on gasoline production. For example, early 
designs by USBM called for the extensive use 
of middle-distillate cracking and reforming to 
yield gasoline. The ratio of gasoline to distil- 
late yields was nearly 3 to 1.3! Most of the 
refinery configurations that have been pro- 
posed more recently indicate a gasoline-to- 
distillate ratio of about 1 to 4. 


The third factor—equipment and operat- 
ing constraints—has become increasingly im- 
portant in recent years. The modifications to 
convert a conventional refinery to shale oil 
feedstocks might not be economically justifi- 
able unless the refiner could be assured of an 
adequate supply of shale oil. The economic 
desirability of building a refinery specifically 
for shale oil would be thoroughly scrutinized. 
Modular retorts, or even a few pioneer com- 
mercial plants, would not produce enough 
shale oil in the mid-term to justify a new refin- 
ery unless the refiner was assured that the 
operations would continue until his invest- 
ment cost could be recovered. For this rea- 
son, the most recent studies have stressed 
modifying existing facilities to make them 
suitable for processing shale oil, rather than 
building new ones. In some cases, this entails 
only minor changes to installed equipment, in 
others, the adaptation of an existing facility 
by adding new units. 


The basic unit operations in crude oil refin- 
ing are: 


coking, 

hydrotreating, 
distillation, 
hydrocracking, 
catalytic cracking, and 
reforming. 


The various refining schemes that have been 
proposed for shale oil cannot easily be gener- 
alized because, depending on both the de- 
sired product mix and the possible operating 
conditions, many configurations could be de- 
signed that would achieve the same results. 
The one selected will largely depend on the 
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availability of equipment and the individual 
economics of the particular refinery. 


One significant difference among the vari- 
ous configurations described in the literature 
is the relative arrangement of distillation and 
thermal or catalytic treatment. Two general 
approaches have been investigated: 


1. distillation of the whole crude into its 
components, then catalytic or thermal 
treatment; or 

2. catalytic or thermal treatment of the 
whole crude, then distillation. 


In the first approach the properties of the 
finished products are better controlled. In the 
second, the net load on successive processing 
units is reduced, and, in general, the overall 
yield of high-value hydrocarbon products is 
increased. Most of the refining research to 
date has been focused on the second ap- 
proach. Three versions are shown schemati- 
cally in figures 46 through 48. The scheme in 


Figure 46.—Refining Scheme Used by the 
U.S. Bureau of Mines to Maximize Gasoline 
Production From Shale Oil 
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SOURCE: G. L. Baughman, The Refining and Marketing of Crude Shale Oil. 


figure 46, which was used by USBM at Anvil 
Points in the late 1940’s,* had a gasoline-to- 
distillate ratio of 3 to 1. Figure 47, a con- 
figuration that was investigated by Chevron 
U.S.A. during pilot-plant runs on Paraho 
shale oil,** had a gasoline-to-distillate ratio of 
1 to 4. Both of these systems used an initial 
coking step to upgrade the feedstock and to 
supply a product stream more easily refin- 


Figure 47.—Refining Scheme Employing Coking 
Before an Initial Fractionation, Used by 
Chevron U.S.A. in Refining Experiments 


Ca 


Cs ~ Ce (to gasoline) 


REFORMER 


HYDROTREATER 


DISTILLATION COLUMN 


Refinery 
Fuel 


SOURCE: G. L. Baughman, The Refining and Marketing of Crude Shale Oil. 


Figure 48.—Refining Scheme Employing 
Initial Hydrotreating, Used by Chevron U.S.A. 
in Refining Experiments 
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SOURCE: G. L. Baughman, The Refining and Marketing of Crude Shale Oil. 


able into finished fuels. The disadvantage of 
coking is that there might not be a ready mar- 
ket for coke in the vicinity of the refinery, par- 
ticularly if it were located in the oil shale re- 
gion. 


Another refining scheme that was investi- 
gated by Chevron is shown in figure 47. It 
uses a fixed-bed catalytic hydrotreater to up- 
grade the shale oil before distillation. No coke 
is produced because most of the heavier com- 
ponents of the crude shale oil are upgraded 
into lighter and more valuable liquid fuels 
during the hydrogenation process. This meth- 
od may be more costly than the coking ap- 
proach, but that can only be determined by 
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operating experience and evaluating the eco- 
nomics. 


Chevron also investigated the possibility of 
substituting a fluidized catalytic cracker for 
the hydrocracker in figure 48. A similar ap- 
proach was used by SOHIO in processing 
85,000 bbl of Paraho shale oil at its Toledo 
refinery.* The chief difference between the 
SOHIO runs and the Chevron experiments is 
that SOHIO used an acid/clay treatment to 
upgrade the distillation products into jet fuel 
and marine diesel fuel for military applica- 
tions. The residuum fraction from the column 
was used for fuel in the refinery. 


The approach in which the crude oil is 
fractionated before hydrogenation or other 
treatment is shown in figure 49. This scheme 


Figure 49.— Refining Scheme Employing Initial 
Fractionation, Used by SOHIO in Prerefining Studies 
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SOURCE: G. L. Baughman, The Refining and Marketing of Crude Shale Oil. 


was used by SOHIO during the prerefining 
studies carried out before 10,000 bbl of Para- 
ho shale oil were refined at the Gary Western 
refinery in Fruita, Colo.** During the actual 
refinery run, a combination coker/fraction- 
ator was used rather than the separate units 
shown in the diagram. 


The shale oil must also be treated to re- 
move excess amounts of water, ash, and 
heavy metals such as arsenic. Water must be 
removed because it can cause cavitation in 


pumps and explosions in processing units. 
Ash, or particulate matter, must be removed 
to prevent its deposition in pipes, heat ex- 
changers, and catalyst beds. Recent studies 
have shown that heating the crude oil to 
about 165° F (75° C) then letting it stand for 
about 6 hours allows the water and solid mat- 
ter to separate from the oil.” As noted, arse- 
nic and other metals poison the hydrotreating 
catalysts. A variety of processes have been 
developed for their removal; consequently, 
their presence no longer presents a technical 
problem. ARCO has patented several cata- 
lytic techniques and methods for heat treat- 
ing the oil in the presence of hydrogen. Re- 
cent studies by Chevron U.S.A. have shown 
that an alumina guard bed preceding the hy- 
drotreater will effectively remove both arse- 
nic and iron from shale oil. 


The quantity and quality of the fuels pro- 
duced will be determined by both the configu- 
ration of the equipment and the operating 
conditions used in the refining step. The fuels 
produced by USBM at Anvil Points in the 
1940’s were quite satisfactory.*° However, 
some of the fuels from the Gary Western re- 
fining run in 1975 failed to meet certain mili- 
tary specifications, principally those for sta- 
bility.“ This has been attributed to the ap- 
plication of refining techniques unsuitable for 
shale oil feedstocks, specifically inadequate 
hydrogenation. Subsequent refining tests at 
SOHIO’s Toledo refinery show that, with ap- 
propriate refining, fuels can be produced that 
are of superior quality and that can meet all 
applicable specifications.” 


Cost of Upgrading and Refining 


The most recent estimates of the cost of up- 
grading crude shale oil to a transportable re- 
finery feedstock have been prepared by Chev- 
ron U.S.A.** The retorting complex that was 
considered had a capacity of 100,000 bbl/d. 
Conventional hydrotreating was the upgrad- 
ing technique evaluated. Chevron considered 
two possible locations for the upgrading facil- 
ity: a newly built unit at the retorting site; and 
a unit to be added to an existing refinery at 
some distance from the retorts. In both cases, 
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the estimated cost for upgrading 1 bbl of 
crude shale oil was $6.50, in first-quarter 
1978 dollars. The product would be a high- 
quality syncrude suitable as feedstock for 
most refineries in the United States. 


It is more difficult to estimate the costs of 
the total-refining option for converting crude 
shale oil into finished fuels. This is because in 
addition to the properties of the crude oil con- 
sideration must be given to the location of po- 
tential refinery sites, the availability of refin- 
ing equipment, the proximity and stability of 
potential markets, the ease of product distri- 
bution, and other factors. Chevron consid- 
ered some of these in its analysis of refining 
costs, although in a relatively generalized 
manner. Three total-refining options and two 
refining capacities and refinery locations 
were considered. For a 100,000-bbl/d refin- 
ery located in an urban area in the Rocky 
Mountains (e.g., Denver), the refining cost 


was estimated to range from $8.00 to $10.00/ 
bbl of crude shale oil. For a 50,000-bbl/d 
refinery located in a remote area of the Rocky 
Mountains (e.g., near the retorting facility), 
the refining cost would be approximately 
$10.00 to $12.00/bbl.* These are somewhat 
higher than the costs for refining a high-qual- 
ity conventional crude oil because of the addi- 
tional amounts of hydrogen that would be 
needed to reduce the nitrogen content of the 
shale oil crude. 


Another study compared the cost of shale 
oil refining with those of refining Wyoming 
sour crude oil and Alaskan crude. It was as- 
sumed that a refinery in the Rocky Mountain 
region was modified for these feedstocks. The 
increased costs to refine crude shale oil, 
rather than the other crudes, was in the 
range of $0.25 to $2.00/bbl.% 


*Costs are in first-quarter 1978 dollars. 


Markets for Shale Oil 


Crude shale oil has three major potential 
uses: as a boiler fuel, as a refinery feedstock, 
and as a feedstock for producing petrochemi- 
cals. The output from a mature oil shale in- 
dustry will probably be used for all three pur- 
poses. However, the relative importance of 
the three markets will change with time as 
the industry develops. In the mid-1980’s, 
when shale oil first becomes available in sig- 
nificant amounts, its most likely use will be as 
boiler fuel, with only a small quantity di- 
rected to nearby refineries that could be mod- 
ified to accommodate the feedstock without 
large capital expenditures. As more shale oil 
becomes available, its use as a refinery feed- 
stock will increase as conventional petroleum 
becomes scarcer. At a later date, when the 
market for boiler fuels declines, shale oil will 
begin to be used for petrochemical produc- 
tion. 


Shale Oil as a Boiler Fuel 


Shale oil will most likely first be used as a 
boiler fuel because of the relatively small 
capital investments and very short leadtimes 
that would be required. Because of Govern- 
ment regulation, the current trend in the utili- 
ty industry is to replace oil- and gas-fired 
boilers with coal-fired units, thus freeing the 
natural gas for domestic consumers. In some 
areas, it will be a two-stage transition, with 
the gas first replaced by oil, and the oil later 
by coal. During the transition, there may be a 
market for about 50,000 to 80,000 bbi/d of 
crude shale oil near the oil shale region. In 
addition, the refining industry has a small but 
significant demand for boiler fuel because re- 
fineries are also changing from natural gas to 
oil. Therefore, refineries located near the oil 
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shale region are likely to be near-term shale 
oil customers. In the long run, the largest 
market for shale oil boiler fuel is likely to be 
in the Great Lakes States. Transportation dis- 
tances will probably preclude its use in the 
other two major markets for boiler fuels—the 
east and west coasts. 


Shale Oil as a Refinery Feedstock 


There has been relatively little research on 
the refining of crude shale oil because build- 
ing an oil shale plant takes about 5 to 7 years, 
whereas a refinery operator can evaluate a 
new potential feedstock in a few days, devel- 
op a feasible refining strategy within a mat- 
ter of weeks, conduct the necessary pilot- 
plant refining studies in a few months, and 
modify the refinery to accommodate the new 
feedstock in less than 3 years. Thus, neither 
the developer nor the refiner has any induce- 
ment to study shale oil refining until they are 
sure that the oil will, in fact, be forthcoming. 


Another reason is that until quite recently, 
shale oil was not considered a highly desir- 
able refinery feedstock. During the 1950’s 
and 1960’s, the refining industry tended to 
maximize gasoline yields at the expense of 
middle and heavy distillates. Because shale 
oil is a good source of heavier distillates, not 
of gasoline, it was not highly regarded. How- 
ever, most projections indicate that gasoline 
demand will peak in the early 1980’s and then 
decline slightly, even though total demand for 
refined products will continue to grow.* This 
will be the result of the increasing efficien- 
cies of gasoline engines in automobiles and of 
a greater use of diesel engines in automobiles 
and light trucks. Also, because the current 
supplies of conventional petroleum are be- 
coming more like shale oil with respect to 
their distillate yields, the refining industry is 
being forced to adopt techniques that would 
be equally suitable for shale oil. 


For these reasons, shale oil’s desirability is 
increasing, and its potential availability as a 
premium feedstock has encouraged the refin- 
ing studies that have been conducted by 
Chevron and other organizations. These stud- 


ies have dealt with four general types of 
refining facilities: 


1. anew refinery just for shale oil; 

2. a new refinery for a mix of shale oil and 
conventional crude; 

3. an existing refinery modified for, and 
dedicated to, shale oil; and 

4. an existing refinery processing a mix of 
shale oil and conventional crude. 


The first two approaches are precluded for 
the foreseeable future because, as long as re- 
fined products continue to be imported, the 
United States will have excess refining ca- 
pacity. At least through the 1980’s, shale oil 
will most likely be refined in existing refin- 
eries, either by itself or as a blend with con- 
ventional petroleum. 


The shale oil produced by demonstration 
facilities will probably be processed in local 
refineries* or in more distant refineries 
owned and operated by the energy companies 
that participate in the oil shale programs. 
The much larger output from a commercial- 
size industry will be more widely distributed; 
thus it will have to compete with other feed- 
stocks, at least regionally. Recent studies 
have indicated that the Midwest is the most 
likely market area for large quantities of 
shale oil. This includes the States in the Petro- 
leum Administration for Defense District 2 
(PADD 2), as shown in figure 50. There will 
be secondary effects in other districts, as a 
consequence of the supplies of shale-derived 
fuels in PADD 2, because the conventional pe- 
troleum that it displaces will become avail- 
able for use elsewhere. 


The quantitative impact on the supply 
situation in PADD 2 can be determined by re- 
fering to table 20, which indicates how the 
district’s supplies of finished fuels were di- 
vided among domestic and foreign sources in 
1978. As shown, the district consumed about 
518,000 bbl/d of medium and heavy distillates 
(jet fuels, diesel fuel, and distillate fuel oil) 
from foreign sources. According to Chevron’s 


*These could include the Gary Western refinery in Fruita, 
Colo., the Little America refinery in Rawlins, Wyo., the Chev- 
ron refinery in Salt Lake City, Utah, and others. 


| 
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Figure 50.—The Petroleum Administration for Defense Districts 
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SOURCE: National Atlas, Department of the Interior. 


Table 20.—Supply of Finished Petroleum Products in PADDs 2, 3, and 4 in 1978 (thousand bbi/d)@ 


PADD 2: Midwest PADD 3: Texas and New Mexico PADD 4: Rocky Mountains 


Foreign Domestic Foreign Domestic Foreign Domestic 
sources sources Total sources sources Total sources sources Total 
PaSOUMC Ee Mee AL ULi as ee hk. 976 1,540 2,516 422 604 1,026 33 219 252 
BEGIUWOKOS bese ckSpr Me east clone: 224 236 460 276 388 664 12 25 Bi 
MeUCle aie sees ee skits bens « 81 131 212 50 71 121 7 OOF ni 36 
SEUOSTIEVS Ate ASA eee ANd 27 44 19 21 46 0 2 2 
Distillate fueloil ........... 420 672 1,092 194 279 473 13 ie 126 
Residual fueloil ........... 150 173 323 237 340 577 4 38 42 
Petrochemical feedstocks. .... 18 26 44 211 298 509 0 1 1 
Special naphthas and still gas. . 60 98 158 114 165 279 2 14 16 
CES fears AS ee ess Shas 138 232 370 102 146 248 4 31 35 
Od lewee eae eA a. 5 2,084 aloo 5,219 1,625 2,318 3,943 75 472 547 


4PADD =Petroleum Administraton for Defense District. 
SOURCE: G. L. Baughman, The Refining and Marketing of Crude Shale Oil. 


studies, refining will convert about 74 per- 
cent of a crude shale oil feedstock to similar 
distillates.*”?7 A 1-million-bbl/d industry would 
yield about 740,000 bbl/d of medium and 
heavy distillates. If it were marketed in PADD 
2, this production would completely displace 
the foreign supplies and free an additional 
222,000 bbl/d of the fuels for use in other dis- 


tricts. The same size industry would produce 
about 170,000 bbl/d of gasoline, which would 
be equivalent to about 17 percent of the dis- 
trict’s gasoline currently obtained from for- 
eign sources. 


An alternative marketing strategy would 
be to sell the output from a major shale oil in- 
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dustry in PADD 4—the Rocky Mountain re- 
gion—and to supply any surplus fuels to adja- 
cent districts such as PADD 2 or PADD 3 
(Texas and New Mexico). As shown in table 
20, the Rocky Mountain district consumes rel- 
atively little distillate fuel (about 20,000 
bbl/d) from foreign sources. A 1-million-bbl/d 
shale oil industry could easily displace this 
entire supply. The surplus production (about 
720,000 bbl/d) could displace about 95 per- 
cent of the supply of foreign-derived distil- 
lates in both PADD 2 and PADD 3. The gaso- 
line derived from the shale oil could supply 
about 67 percent of the total gasoline demand 
in the Rocky Mountain States. 


As indicated previously, the capabilities of 
the refineries in the Midwest and the Rocky 
Mountain States will strongly affect the will- 
ingness of the refiners to accept shale oil 
feedstocks. In some cases, shale oil could not 
be accommodated without significant invest- 
ments of capital. However, the receptivity of 
refiners to shale oil will also be influenced by 
the reliability of other feedstocks such as for- 
eign petroleum. The area in which the sup- 
plies of crude are most uncertain is the north- 
ern tier of States, which includes Montana, 
North and South Dakota, Minnesota, and 
Wisconsin. These States have historically de- 
pended on refinery feedstocks from Canada, 
but, in recent years, a significant reduction in 
these supplies has led the refiners in this 
area to look elsewhere. The result has been 
the present interest in building a pipeline to 
transport crude from Alaska and from for- 
eign nations into the area. An alternative—a 
pipeline from the oil shale region—could also 
be built as the oil shale industry developed. 


The area that covers Iowa, Missouri, IIli- 
nois, Indiana, Michigan, and Ohio also does 
not have an adequate indigenous supply of 
crude. However, unlike the northern tier, 
these States have good pipeline systems with 
adequate access to both foreign and domestic 
crude supplies. The feasibility of marketing 
shale oil in this area will largely be deter- 
mined by the cost differential between it and 
other crude supplies and by the differences in 
the reliability of its supply versus that of 


foreign crude. Recent marketing studies have 
identified several large refineries in this area 
that, with only minor modifications would be 
able to handle crude shale oil.*® Furthermore, 
some of the refineries only have access to the 
heavier petroleum crudes at present, and 
their production is being limited by their ca- 
pacity to process the large quantities of resid- 
uum from the distillation of these fuels. Shale 
oil, with its relatively small yield of bottoms 
fractions, would help alleviate this problem. 


Shale Oil as a Petrochemical Feedstock 


Three principal factors must be considered 
in evaluating the suitability of shale oil sup- 
plies for producing petrochemicals: 


e the yields of petrochemicals from shale 
oil feedstocks; 

e the ability of existing and future petro- 
chemical plants to process the shale oil; 
and 

e the logistics of supplying the shale oil to 
the plants. 


Because shale oil is produced by pyrolysis, its 
olefin content is approximately 12 percent, 
which is appreciably higher than convention- 
al crudes. Together with its fairly high hydro- 
gen content, these characteristics make shale 
oil, and its hydrogenated derivatives, appro- 
priate feedstocks for petrochemical produc- 
tion.*® *° Steam pyrolysis has been used to 
process crude shale oil, and the yields of 
olefin products have been comparable with 
those from many conventional crudes. Shale 
oil syncrudes, with even higher olefin yields, 
are considered to be premium petrochemical 
feedstocks. These conclusions are based on 
laboratory studies under carefully controlled 
conditions. The feasibility of marketing shale 
oil to the petrochemical industry depends on 
the ability to replicate these conditions in 
commercial chemical plants. 


Historically, the primary feedstock for pet- 
rochemical plants has been natural gas liq- 
uids from the gulf coast. Because crude shale 
oil is quite different from these liquids, it 
would be difficult to switch traditionally de- 


signed petrochemical plants to shale oil. How- 
ever, the production of domestic natural gas 
and its associated liquids is declining, and the 
petrochemical industry is shifting to heavier 
feedstocks such as naphtha and gas oils. The 
supplies of these feedstocks are uncertain 
and irregular. The availability of naphtha has 
been affected by a growing demand for its 
use as a gasoline blending agent in response 
to the phasing out of tetraethyl lead. Gas oils 
are also being used more frequently for home 
heating fuels, which causes seasonal varia- 
tions in their availability. Because of these 
supply uncertainties, new petrochemical 
plants are being designed to be highly flexible 
with respect to feedstocks. As using heavier 
feedstocks becomes more common in the in- 
dustry, shale oil may become a highly re- 
garded raw material. 


The use of shale oil for petrochemical pro- 
duction is hampered by the distance between 
the oil shale region and the petrochemical 
plants. While refineries and oil-fired boilers 
are distributed fairly uniformly across the 
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United States, the petrochemical industry is 
concentrated on the gulf coast. This concen- 
tration will continue into the foreseeable fu- 
ture. Therefore, it will be necessary to either 
move the shale oil to the coast, or to build 
a new petrochemical complex in the Rocky 
Mountain region. In the latter case, the half- 
finished products from the new plant would 
still have to be transported to the coast for 
final conversion to commercial chemicals. 
The former approach is more likely but is im- 
peded by the lack of a product pipeline sys- 
tem between the oil shale region and the gulf 
coast, and by the high cost of alternative 
modes of transportation. 


In summary, tests have shown that crude 
shale oil and its derivatives could be used to 
produce petrochemicals. However, these ma- 
terials cannot be considered to be viable feed- 
stocks in the near future because existing 
chemical plants are generally unable to proc- 
ess them and there is no economical transpor- 
tation link between the oil shale region and 
the existing petrochemical plants. 


Issues and Uncertainties 


The technological readiness of the major 
mining and processing alternatives is summa- 
rized in table 21. Estimated degrees of read- 
iness are shown as judged by DOI in 1968," 
and as they appear under present conditions. 
There are significant differences between the 
two evaluations because much R&D work has 
been conducted in the interim, and because 
two new processing methods—MIS retorting 
and concurrent recovery of associated min- 
erals—have since entered the picture. As 
shown, room-and-pillar, open pit, and MIS 
mining methods are regarded as reasonably 
well-understood. Open pit mining has not 
been tested with Green River shales, but it is 
highly developed for other minerals such as 
copper and iron ores. It was evaluated on 
paper for application to the shales on tract 
C-a. Some highly relevent experience has 
been obtained from the operation of large- 
scale lignite (a form of coal) mines in West 


Germany.” In these operations, the lignite is 
covered by 900 ft of overburden, and strip- 
ping operations will soon extend to 1,600 ft. 
This is comparable to the oil shale deposits, 
which are covered by a maximum of about 
1,800 ft of overburden. 


Nevertheless, uncertainties remain with 
respect to the effects of shale stability and 
strength on mine design, mine safety, and re- 
source recovery. The effects of large inflows 
of ground water, such as have been encoun- 
tered on tract C-a, could pose severe opera- 
tional difficulties, especially with under- 
ground mines. In all mines, the logistics asso- 
ciated with moving many thousands of tons of 
raw material and solid wastes could present 
some formidable problems. Materials-han- 
dling systems exist that could be applied, but 
they have yet to be tested in commercial oil 
shale operations. 
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Table 21.—Technological Readiness of Oil Shale Mining, Retorting, and Refining Technologies 


Technological readiness 


Remaining areas of uncertainty 


Rock mechanics. Ground water. Deep shales. 
Logistics. 


Rock mechanics. Ground water. Deep shales. 


Logistics. 
Rock mechanics. Logistics. Reclamation. 


All areas. 


Effects of scaleup on stream factor and recov- 


’ ery. Characteristics of emissions streams. 


Reliability of peripheral equipment. Materials 
handling. 

Stream factor and recovery. Characteristics of 
emissions streams. Rock mechanics. Deep 
shales. 

Effects of scaleup on stream factor and recov- 
ery. Characteristics of emissions streams. 
Reliability of peripheral equipment. Use of 
low-Btu gas. Rich shales. Mixed shales. 
Fracturing. Rock mechanics. Deep shales. 

Effects of scaleup on stream factor and recov- 
ery. Characteristics of emissions streams. 


Unit operation In 1968 In 1979 Developments in the interim 

Mining 

Room and pillar. .... Medium Medium Mine design studies. Experience of Colony, 
Mobil, and the six-company program at Anvil 
Points. 

UMS Saacas iadeaciccnent cnt Unknown Medium Oxy experience at Logan Wash. Mine design 
studies. 

Oper Dite Gara reper Low Medium _ Established procedure for other minerals. 
Large-scale mines in West Germany. Mine 
design studies for tract C-a. 

Othem.caec Sea AG Low Low Mine design studies. No field experience. 

Retorting 

Aboveground ...... Medium Medium Pilot studies for Lurgi-Ruhrgas. Semiworks 
programs by Colony and Paraho. Detailed 
designs by Colony and Union. 

‘li SSeS. sated oat, eet es Low Low Field work and lab tests by USBM. Field tests 
by Equity, Geokinetics, and Talley-Frac. 
National lab support. 

eee: Ere Unknown Medium Oxy experience. Design studies for tracts C-a 
and C-b. DOE and USBM design studies. 
Modeling and lab support by national 
laboratories. 

Multimineral....... Unknown Medium Pilot plant studies by Superior. USBM lab 
tests of product recovery methods. Nahcolite 
scrubbing tests. 

Upgrading and 

LGU eee o See ol High High Studies and refinery runs by SOHIO/Paraho, 


Chevron, and others. Marketing analyses 


by Oxy and DOE. 


Reliability of peripheral equipment. Materials 
handling. Integration of recovery steps. 
Underground waste disposal. Marketability 
of byproduct minerals. 


Effects of retorting conditions on crude 
characteristics. Cost effectiveness of alter- 
nate processes. Use of pour point 
depressants. Effects of metals. 


SOURCE: Office of Technology Assessment. 


AGR is regarded as having a medium level 
of readiness, as it was in 1968. The under- 
standing of its technical aspects has been im- 
proved since then by field tests in the Pice- 
ance basin, but the largest tests conducted to 
date have been at the semiworks scale— 
about one-tenth of commercial size. Their re- 
sults do not permit accurate cost projections 
for commercial-scale plants. Particular prob- 
lems are noted with respect to the effect of 
scaling up the semiworks design to commer- 
cial size. The on-stream factor—the fraction 
of the time that the retorts could be expected 
to operate at design capacity—is unknown. 
The reliability of some associated systems 
(emissions controls, product recovery de- 
vices, materials-handling equipment) is also 
questionable. 


Although understanding has increased 
since 1968, TIS must still be regarded as 
being in the conceptual stage. Many uncer- 
tainties remain, especially with respect to 
economics and environmental effects. 


MIS retorting, a new concept since 1968, 
has advanced to a medium level of technologi- 
cal readiness, approaching that of above- 
ground retorts. This progress is largely a re- 
sult of Oxy’s development efforts in Colorado, 
but additional understanding has been ob- 
tained through simulations by USBM, DOE, 
and the national laboratories, most notably 
the Lawrence Livermore and Los Alamos 
Laboratories. The remaining uncertainties 
are similar to those for aboveground retorts, 
except the materials-handling problems may 


be less substantial with MIS methods. The 
major uncertainties relate to the use of the 
large quantities of low-Btu retort gas for pow- 
er generation and to the appiication of the 
technique to very rich or very deep shales. 


The multimineral concept was also largely 
unknown in 1968, although the presence of 
sodium minerals was recognized. At present, 
the aboveground system of Superior Oil is re- 
garded as having medium technological read- 
iness. Its uncertainties are much the same as 
for other AGR methods, with the addition of 
the potential difficulties with integrating the 
systems for recovering mineral byproducts 
with those for recovering oil and gas. The 
marketability of the nahcolite, soda ash, and 
alumina has also not been well-established. 
The MIS concept proposed by Multi Mineral 
Corp. is not specifically evaluated in the 
table. It would share the same uncertainties 
as conventional MIS, with additional po- 
tential problems introduced by the need to 
evacuate a large underground retort, and be- 
cause the oil shale resource is deeply buried. 


Upgrading and refining systems were given 
a high rating in 1968, which has been im- 
proved by additional study. No major prob- 
lems are anticipated, although more needs to 
be known about the feasibility of using pour 
point depressants, the effects of retorting 
conditions on the characteristics of the crude 
oil, and the effects of metals (such as arsenic) 
on refining catalysts. The major uncertainty 
in the distribution area—the existence of an 
adequate pipeline system to the most likely 
markets—is not directly related to the nature 
of the refining technology and is therefore not 
indicated. 


It should be noted that mining and retorting 
(the major subprocesses having only medium 
levels of technological advancement) require 
only about 35 percent of the capital invest- 
ment that is needed to establish an AGR com- 
plex. The remaining 65 percent is distributed 
among upgrading units, byproduct recovery 
systems, utilities, sidewalks, and other well- 
established items. Yet developers hesitate to 
commit themselves to oil shale plants. The 
reasons given are an uncertain regulatory 
climate, an uncertain future for the price of 
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conventional petroleum, and the fact that all 
of the components of a facility must work as 
designed—not just the well-established ones. 
With the present state of technological 
knowledge, it is not clear that an oil shale 
plant would perform as desired, nor that the 
oil would be sufficiently cheap to compete 
with its currently designated competitor—im- 
ported petroleum. Even though the future of 
oil shale looks brighter, few companies are 
willing to build large-scale plants immediate- 
ly. They prefer to follow conventional engi- 
neering practice by proceeding to an inter- 
mediate step—the so-called modular demon- 
stration retort. 


The modular retort is the smallest unit that 
would be used in commercial practice. A com- 
mercial-size oil shale facility would use sev- 
eral of these retorts in parallel to obtain the 
desired production rate. The capacity of a 
module varies with the developer. For Oxy, a 
modular MIS retort might have a capacity of 
only a few hundred barrels per day of shale 
oil; a commercial facility would have several 
dozen of these retorts operating simultane- 
ously in modular clusters, each producing 
several thousand barrels per day. A modular 
Lurgi-Ruhrgas retort would have a capacity 
of about 2,200 bbl/d. One or two such units 
might suffice for the mined shale from an MIS 
operation; a facility that used only AGR might 
need a dozen comparable units. A commer- 
cial-sized plant that used Paraho retorting 
might have seven or eight individual retorts, 
each producing 7,300 bbl/d. A comparable 
plant might use seven Union ‘‘B”’ retorts, each 
producing about 9,000 bbl/d. Colony prefers 
to bypass the modular demonstration phase 
and to proceed directly to a commercial-size 
facility, claiming that the TOSCO II technol- 
ogy is ready to be scaled up to such a capacity 
for demonstration purposes. 


Regardless of these differences, the sev- 
eral ‘‘next steps” that are proposed by the 
developer’s have two points in common: the 
production units must be large enough to sim- 
ulate actual commercial practice, and the 
equipment must be operated long enough to 
obtain reliable data on its performance under 
a complete spectrum of operating conditions. 


170 @ An Assessment of Oil Shale Technologies 


R&D Needs and Present Programs 


R&D Needs 

Mining 

Room-and-pillar mining and mining in sup- 
port of MIS operations have been tested with 
oil shale, and an extensive body of informa- 
tion has been assembled. To date, however, 
all of the field tests have been conducted in 
one area—the southern fringe of the Pice- 
ance basin. In each case, the deposit was 
reached through an outcrop along a stream 
course. The limited area in which mining 
tests have been conducted is unfortunate be- 
cause the characteristics of deposits in other 
areas are quite different. They may be more 
or less favorable to mine development. For 
example, there is little ground water in the 
southern fringe. In contrast, the deposits on 
tracts C-a and C-b, nearer the basin’s center, 
lie within ground water aquifers, and the in- 
flow of water into the mine shafts has been a 
problem on tract C-a. Similar problems were 
encountered at the USBM shaft in the north- 
ern part of the basin. Work on this site was 
also impeded by the presence of highly frac- 
tured zones, which are not common on the 
southern fringe. 


Similar surprises could be avoided in fu- 
ture projects if the suitability of the candi- 
date mining techniques for developing depos- 
its throughout the oil shale region were better 
understood, especially in these areas where 


near-term development is likely. This infor- — 


mation could be obtained through coring and 
rock mechanics studies, mathematical simu- 
lation, and experimental mining. Field testing 
of mining methods would be expensive, 
although overall costs could be minimized 
through developing a single site that could be 
used to test many mining alternatives. A 
single shaft or adit, for example, could be 
used to test room and pillar, longwall, block 
caving, and other methods. It should be noted 
that open pit mining, because of the necessity 
for costly and large-scale operations, would 
probably not be amenable to testing in a lim- 
ited field program. 


TIS Retorting 


TIS is the most primitive of the processing 
methods. It has some potentially valuable fea- 
tures but these cannot be evaluated because 
of a lack of information. The potential im- 
pacts on surface characteristics and ground 
water quality are especially unclear. The 
R&D needs include: 


e development of less expensive drilling 
techniques; 

e development of efficient and cost-effec- 
tive fracturing and rubbling techniques; 

e development of methods for determin- 
ing the success of a rubbling program 
through, for example, surveys of the per- 
meability increase that has _ been 
achieved; 

e development of ignition methods and of 
methods for maintaining a uniform burn 
front; 

e study of the effects of heat-carrier com- 
position, rate of injection, and tempera- 
ture on product recovery; 

e study of the effects of creep* on retort 
stability and product recovery; 

e determination of the effects of ground 
water infiltration on retorting; and 

e evaluation of the long-term potential for 
surface subsidence. 


Valuable information is being obtained in the 
Equity and Geokinetics projects, but these re- 
sults are applicable only to specific types of 
oil shale deposits—the Equity process to 
shale in the Leached Zone; the Geokinetics 
method to thin, shallow beds. Additional field 
work in other types of deposits would aid in 
evaluating the potential of TIS methods for 
large-scale production. To minimize the cost 
and duration of these tests, they could be sup- 
plemented with initial theoretical studies and 
laboratory programs. 


*Creep is the gradual change in the shape of a solid object in- 
duced by prolonged exposure to stress or high temperatures. 


| MIS Retorting 


MIS is more highly developed, but more 
} testing is needed before its potential applica- 
} tion to other areas of the Green River forma- 
} tion can be determined. The R&D needs are 
similar to those for TIS. They are: 


e the development of better rubbling tech- 
niques; 

e the development of improved remote 
sensing procedures for permeability, 
fluid flow, and temperature; 

e the development of methods for creating 
and maintaining a better burn front; 

e evaluation of the effects of heat-carrier 
characteristics; 

e evaluation of the effects of creep and 
subsidence; and 

e examination of the effects of ground 
water infiltration, retort geometry, and 
particle-size distribution. 


Many of these needs will be addressed in the 
MIS programs on tracts C-a and G-b and the 
USBM shaft. 


Aboveground Retorting 


Several candidate retorting processes 
| have been tested in Colorado, but only for 
| relatively short periods, and in small-scale 
| facilities. More R&D is needed, and particu- 
_ lar emphasis should be given to: 


e evaluating the effects of scaleup on the 
flow patterns of solids and fluids within 
the retort vessel; 

‘e determining the reliability and effec- 
tiveness of peripheral equipment such 
as solids-handling systems, pollution 
controls, and product separators; 

e examining the effects of heat-carrier 
characteristics on product recovery and 
equipment reliability; and 

e determining the reliability of mechanical 
components such as Union’s rock pump; 
Tosco’s retort vessel, separation trom- 
mel, and ball elevator; the Lurgi-Ruhrgas 
screw conveyor; and the raw shale dis- 
tributors and spent shale discharge 
grates of all retorts that use gas as a 
heat carrier. 
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Some of these needs could be addressed by 
further laboratory-scale and semiworks test- 
ing. Others could be estimated by theoretical 
calculations and modeling. All of them and es- 
pecially the need for reliability studies, will 
eventually have to be addressed in full-scale 
retorting modules, either alone or as part of a 
commercial-size complex. 


Upgrading, Refining, and Distribution 


Because crude shale oil is sufficiently 
similar to conventional petroleum crude, no 
substantial problems are anticipated in the 
refining area. R&D on the effects of heavy 
metals on refining catalysts and of retorting 
conditions on oil properties could be con- 
ducted in the laboratory, provided that re- 
torts were operating that could supply a prod- 
uct resembling the crude oil that will be pro- 
duced in commercial operations. 


In the upgrading area, the major need is re- 
lated to the feasibility of using chemical addi- 
tives to depress the pour point of crude shale 
oil. The necessary R&D could be conducted in 
the laboratory or in a pilot refinery, again 
assuming the availability of a representative 
crude shale oil. 


R&D is also needed to determine the opti- 
mum distribution pattern for the finished 
fuels, which will vary with the size of the in- 
dustry, the location of the facilities, the need 
for various fuels and feedstocks, and the 
availability of a transportation system. R&D 
is needed to determine optimal plans for like- 
ly combinations of these factors. Work has 
begun in this area, and more work could be 
conducted at relatively low cost, since it is 
theoretical rather than experimental in 
nature. However, it will not be possible to 
define an optimum pattern for the actual 
future industry until the sites of the produc- 
tion facilities are designated. 


The System 


All manufacturing and processing plants 
potentially suffer from a lack of systems reli- 
ability. Because of the scale of operations and 
the need for the coordinated performance of 
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many components, it is certainly possible that 
oil shale plants will have significant prob- 
lems. On the other hand, they may not be 
more severe than in other, more conventional 
industries. R&D programs, such as mathe- 
matical simulations and industrial engineer- 
ing studies, would help to eliminate some of 
the uncertainties regarding the expected per- 
formance and reliability of oil shale systems. 
Basic data on the lifetimes of equipment, 
operating characteristics, and other factors 
could be obtained from those minerals proc- 
essing and refining plants that oil shale facil- 
ities will resemble. However, because of the 
unique character of oil shale operations, pre- 
dictions from these studies will be tentative. 
It will only be possible to define performance 
characteristics after large-scale oil shale 
plants are operated at their maximum pro- 
duction capacities. 


Present Programs 


Some of the current R&D programs for 
individual retorting technologies were de- 
scribed previously. An effort that has not 
been discussed in detail is DOE’s integrated 
research, development, and demonstration 
program for oil shale.* Its major objective is 
to provide the private sector with the techni- 
cal, economic, and environmental informa- 
tion needed to proceed with the construction 
of pioneer commercial plants. Its specific 
goals are: 


e by mid-1981: to provide technical de- 
signs, cost data, and environmental in- 
formation for construction and opera- 
tion of at least one AGR module; 

e by 1982: to design at least one commer- 
cial-size MIS retort that could be used on 
the Federal lease tracts or in other loca- 
tions; and 

e by 1985 to 1990: to remove the remaining 
technical uncertainties that impede com- 
mercial-scale use of the alternate tech- 


nologies in the various types of oil shale 
deposits. 


In situ processing has been given the major 
emphasis throughout the program, and much 
of the technical R&D will be conducted in the 
‘‘Moon Shot’’ project that will address the 
second goal. Initial support of AGR will focus 
on designing the retort module and on surface 
and underground mines to support single 
plants and an industry of 1 million to 3 million 
bbl/d. The decision to proceed with construc- 
tion of AGR modules will be determined by 
the economic outlook for shale oil in 
mid-1980. DOE will consider a cost-shared 
program if industry has not announced firm 
plans to proceed without Federal participa- 
tion. The program will also include resource 
characterization studies that will help to 
delineate the portions of the oil shale basins 
where the different types of development 
technologies would be most applicable. Other 
studies will include assessments of air, 
water, land, and socioeconomic impacts; of 
occupational safety and health; and of meth- 
ods for increasing the efficiency of water use. 


These efforts should substantially advance 
the understanding of the technological as- 
pects of oil shale development. The budget of 
over $387 million for fiscal years 1980 
through 1984 should be adequate to address 
most of the R&D needs identified in the previ- 
ous section. This budget includes about $126 
million for developing and operating a com- 
mercial-scale MIS retort, and half of the esti- 
mated $200 million cost of an AGR module.™ 


The demonstration facilities are especially 
important to the acquisition of firm engineer- 
ing and economic data. Unfortunately, only 
one in situ technology and one aboveground 
retort will be tested, and it will be difficult to 
evaluate fully the effects of resource charac- 
teristics on the feasibility of alternate mining 
methods. 
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Policy Options 


R&D 


Some of the remaining technical uncertain- 
ties could be alleviated with additional small- 
scale R&D programs. These could be con- 
ducted by Government agencies or by the pri- 
vate sector, with or without Federal partici- 
pation. If full or partial Federal control is de- 
sired, the programs could be implemented 
through the congressional budgetary process 
by adjusting the appropriations for DOE and 
other executive branch agencies, by provid- 
ing additional appropriations earmarked for 
oil shale R&D, or by passing new legislation 
specifically for R&D on oil shale technologies. 


Demonstration 


Full-scale demonstrations will be needed to 
accurately determine the performance, reli- 
| ability, and costs of development systems un- 
| der commercial operating conditions. In gen- 
| eral, potential developers would prefer to fol- 
low conventional engineering practice and 
approach commercialization through a se- 
quence of increasingly larger production 
units. Union, Colony, and Paraho have pro- 
gressed through this sequence to the semi- 
works scale of operation—about one-tenth of 
commercial size. 


If this conservative approach were con- 
tinued, the next step would be a modular 
demonstration facility. Although such a plant 
would cost several hundred million dollars, it 
would provide the experience and the techni- 
cal and economic data needed to decide on 
the commitment of much larger sums to com- 
mercial-scale operation. Union has expressed 
its preference for this path; Rio Blanco and 
Cathedral Bluffs are following it. Colony re- 
gards a pioneer commercial plant as the best 
facility for proving the TOSCO II technology. 


The two general approaches to funding 
such demonstration programs are discussed 
below. Selecting an option will depend on the 
desired balance between information genera- 
tion and dissemination, Federal involvement, 
timing of development, and cost. 


Private Funding 


If left alone, the industry would develop in 
response to normal market pressures and op- 
portunities, and the Government’s expense 
and involvement would be minimized. How- 
ever, the Government would not be assured of 
access to the technical, economic, and envi- 
ronmental information that it needs to formu- 
late future policies and programs, although 
some of this information could be obtained 
through third-party reviewers or through li- 
censing arrangements. Another disadvantage 
is that industry may not risk even the relative- 
ly modest investment of a modular program 
until economic and regulatory conditions 
clearly favor development. For example, 
Union and Colony have announced that they 
will not proceed until Federal incentives are 
provided and regulatory impediments re- 
moved. Industry may eventually proceed, but 
perhaps not in time for the resource to con- 
tribute substantially to the Nation’s fuel sup- 
plies within the next decade. 


Government Support 


The alternatives are full Government fund- 
ing of demonstration facilities, indirect fund- 
ing through incentives to industry, and a 
sharing of the costs with industry. The op- 
tions are discussed in detail in chapter 6 and 
summarized in chapter 3. In brief, Federal 
ownership would provide the Government 
with the maximum amount of experience and 
information. It would also maximize Govern- 
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ment intervention and the commitment of 
public funds, and it might discourage private 
developers from proceeding with independ- 
ent demonstrations. Also, industry and Gov- 
ernment would design, finance, and operate a 
demonstration project in very dissimilar 
ways. The Federal experience with a Govern- 
ment-owned facility may have little relevance 
to the problems that would be encountered by 
a private developer with the same production 
goal. The Government’s experience would 
therefore provide little guidance for evaluat- 
ing oil shale as a private investment oppor- 
tunity. 


Incentives programs could involve tax 
credits, purchase agreements, price sup- 
ports, or other types of support, either singly 
or in combination. They could be structured 
to encourage the participation of specific 
types of firms and could be combined with 
regulatory changes, and possibly land ex- 
changes or additional leasing, to control both 
the growth and the nature of the ultimate 
commercial industry. They would cost less 
than Government ownership. They would also 
tend to provide the Government with less in- 
formation and with no operating experience. 
However, disclosure requirements could be 
inserted into the leases or the incentives legis- 
lation as a prerequisite for project eligibility. 


The cost sharing of demonstration facilities 
would entail intermediate expenditures of 
public funds and intermediate levels of infor- 
mation. The receptivity of industry to such 
proposals would depend on how much the 
Government would intervene in designing and 
operating the projects. If industry responded, 
the Federal investment that would be needed 
for a single Government-owned plant could be 
spread over several projects, thereby in- 
creasing the total amount of information gen- 
erated. 


Program Alternatives 


Demonstration will require designing, 
building, and operating full-size production 
units, either as separate modules or incorpo- 
rated in pioneer plants. 


A single module on a single site.—This op- 
tion would provide comprehensive informa- 
tion about one process on one site. Either 
underground or surface mining experiments 
could be performed, but probably not both. 
The costs would be small overall but large on 
a per-barrel basis, because there would be no 
economies of scale. Some of the shale mined 
could be wasted because the single retort 
might not be able to process all of it economi- 
cally. If the site could subsequently be devel- 
oped for commercial production (e.g., a pri- 
vate tract, a potential lease tract, or a can- 
didate for land exchange), the facility would 
have substantial resale value. Otherwise, it 
would be valuable only as scrap. 


Several modules on a single site.—This 
program might consist of an MIS operation, 
coupled with a Union retort for the coarse 
portion of the mined oil shale and a TOSCO II 
for the fines. As with the single-module op- 
tion, either surface or underground mining 
could be tested, depending on the site, or 
possibly both if the plant had a sufficiently 
large production capacity. The total costs 
would be larger than for the single-module 
program, but unit costs would be lower. For 
example, a three-module demonstration plant 
would cost about 2.1 times as much as a 
single-module facility; a six-module plant 
about 3.7 times as much. Different technol- 
ogies could be combined to maximize re- 
source utilization, and detailed information 
could be obtained for each. However, all of 
the information would be applicable to only 
one site. If many modules were tested, the 
demonstration project would be equivalent to 
a pioneer commercial plant, except that a 
true pioneer operation would probably not 
use such a wide variety of technologies. 


Single modules on several sites.—Several 
technologies might be demonstrated, each at 
a separate location. For example, an un- 
derground mine could be combined with a 
TOSCO II retort on one site; a surface mine 
with a Paraho retort at another. Total costs 
could be large, as would unit costs, which 
would be comparable with those of the single- 


module/single-site option. The principal ad- 
vantage would be that different site charac- 
teristics, processing technologies, and mining 
methods could be studied in one comprehen- 
sive program. 


Several modules on several sites.—For 
each site, a mix of mining and processing 
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methods would be selected that would be 
most appropriate for the characteristics of 
the site and the nature of its oil shale de- 
posits. The maximum amount of information 
would thus be acquired, in exchange for the 
maximum amount of investment. Each project 
would resemble the several-module/single- 
site option; the collection would constitute a 
pioneer commercial-scale industry. 
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CHAPTER 6 


Economic and Financial Considerations 


Introduction 


The loss of oil imports from Iran coupled 
with large OPEC price increases during 1979 
once more emphasized the vulnerability of 
the United States to its continued dependence 
on imported oil. Rapidly escalating world oil 
prices combined with uncertain supplies and 
dwindling domestic reserves have seriously 
affected the balance of payments, the rate of 
inflation, and the general health of the econ- 
omy. While expert opinions may differ about 
prices in the immediate future, they agree 
that supplies will remain uncertain and 
prices will continue to rise. The recently re- 
newed interest in shale oil (and other synthet- 
ic fuels) as contributors to the domestic fuel 
supply has arisen in response to these uncer- 
tainties. 


The present debate over the proper eco- 
nomic policy to pursue with respect to oil 
shale development centers around the follow- 
ing: 


e the potential it may have for alleviating 
the Nation’s energy-supply problems; 

e the financial, environmental, and socio- 
economic costs and risks that could be 
encountered in developing an oil shale 
industry; 

e a comparison of its benefits and costs 
with those of other energy strategies 
such as conservation, solar, increased 
direct use of coal, other synthetic fuels, 
expanded domestic exploration and pro- 
duction, or continued reliance on foreign 
oil; 

e the implications of both alternative pro- 
duction goals and the rate at which the 
industry is established for maximizing 
the benefits and minimizing the costs 
and risks of commercialization; 

e the relative advantages and disadvan- 
tages of different financial mechanisms 


for achieving various production levels 
and minimizing private and Government 
risk; and 


e the major commercial and institutional 
risks and obstacles that currently ham- 
per commercial development, which of 
these can be predicted, and in which 
cases is information insufficient to ade- 
quately evaluate policy options. 


Considering the amount of capital that would 
need to be invested and profitably returned 
over long periods of time, a rational and in- 
formed choice about the commercial produc- 
tion of shale oil (or any synthetic fuel) re- 
quires making reasonably confident esti- 
mates of the following factors and relation- 
ships: 


e the required capital and operating costs 
for various levels of shale oil production, 
and a comparison of these costs with 
those for alternative strategies for ob- 
taining equivalent benefits; 


e the future effect of OPEC pricing pol- 
icles; 

e the corporate perceptions of specific 
risks and deterrents that currently in- 
hibit private commercialization; 


e the subsidies and incentives that would 
most effectively, and at least cost, suffi- 
ciently reduce uncertainty to promote 
development; and j 


e the temporary or permanent subsidies 
that would be required to maintain an in- 
dustry. 


These are all complex issues open to a variety 
of interpretations. Several of these questions 
may be unanswerable at this time with the in- 
formation available. 
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The Nature of the Investigations 


This chapter reports the results of the fol- 


lowing analyses: 


e The capital and operating costs have 
been estimated for commercial-size fa- 
cilities in third-quarter 1979 dollars. 
This has been done for both surface re- 
torting and modified in situ (MIS) tech- 
nologies. The total costs of various pro- 
duction levels have been calculated for 
industries based on both generic tech- 
nologies. The accuracy of current cost 
estimates has been evaluated in the light 
of the prior unreliability of such projec- 
tions, and an attempt has been made to 
disaggregate the factors responsible for 
the escalating cost estimates for these 
facilities. 

e The effect of uncertain prices for OPEC 
crude on shale oil commercialization has 
been examined, a variety of projections 
for these prices evaluated, and a proba- 
ble rate of increase for future real 
prices described. 


e OTA has undertaken extensive qualita- 
tive and quantitative examinations of 
the relative effectiveness and outcomes 
of various possible financial incentives 
for stimulating commercial development. 
These were based on independently con- 


ducted mathematical simulations of in- 
dustry economics, as well as on exten- 
sive discussions with private consult- 
ants, Government financial administra- 
tors, and industry representatives. 

e The relative advantages and the merits 
of several different strategies, develop- 
ment schedules, and production targets 
have been examined with respect to 
their comparative costs, risks, and bene- 
fits. 

e A detailed study has been carried out of 
the impact on capital availability and 
pricing of oil shale development at sever- 
al levels of production. The investigation 
indicates the probable impacts that al- 
ternative levels of oil shale production 
will have on the cost and availability of 
capital, both for the U.S. energy sector 
and the economy as a whole, given a va- 
riety of different growth and demand 
characteristics for investment capital. 
This examination also considers the rel- 
ative impact that different Federal in- 
centives will have on capital markets. 

e The effect of various levels and paces of 
oil shale development on the level of em- 
ployment, the balance of payments, the 
rate of inflation, and Federal tax genera- 
tion. 


Summary of Major Findings 


The major conclusions of OTA’s economic analysis 
of the oil shale industry are as follows: 


e It is likely, given current market conditions, re- 
source availability, and the regulatory climate that 
without additional Federal action a shale oil pro- 


e The commercialization of oil shale has been gen- duction capacity of 100,000 bbl/d will be online 


erally impeded in the past by several uncertain- 
ties. Among the most important are large and un- 
reliable plant capital cost estimates, the insuffi- 
cient number of high-grade private oil shale tracts 
plus limited access to Federal oil shale lands, un- 
certainty about present and future environmental 
regulations, and uncertainty over future prices for 
Oil. 


by 1990-92. It is probable, given similar condi- 
tions, that the production of 200,000 bbl/d by 
that date will require financial incentives, direct 
Government participation, or major changes in the 
regulatory environment of the industry. The same 
would be even more the case for a 400,000-bbI/d 
industry. Furthermore, the deployment of this size 
industry by 1990 could require additional land ex- 


changes or Federal leases. The deployment of a 1- ) 


million-bbI/d industry by the same date would re- 
quire aggressive action in all of these areas. 


e Given recent increases in the price of oil, the po- 
tential marketability of shale oil improved substan- 
tially during late 1979 and early 1980. In narrow 
economic terms, the production of shale oil may be 
price competitive with foreign crude at this time. 
However, this conclusion is subject to several crit- 
ical limitations. It assumes that current capital and 
operating cost estimates are within 20 percent of 
actual costs, that the price for oil will continue to 
rise throughout the rest of this century by at least 
a real 3 percent per year, and that developers re- 
quire a real discount rate of no more than 12 per- 
cent. (The economics of shale oil and its potential 
selling price are extremely sensitive to the dis- 
count rate assumed by the developers.) 


e |f financial incentives to private industry are to be 
employed, production tax credits, purchase agree- 
ments, and price supports have the most econom- 
ic merit based on a variety of criteria. However, it 
should be noted that the subsidy effect of pur- 
chase agreements and price supports are depend- 
ent on the contract price that is set. Consequently, 
the success of these two incentives will depend on 
how they are constructed and administered. Small 
and moderate firms will require some kind of front- 
end subsidy if they are to significantly participate 
in oil shale development. If such participation is an 
important goal of Government policy, debt guaran- 
tees or debt insurance are probably the most effi- 
cient vehicles. 
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e The deployment of a 400,000-bbl/d industry by 
1990 would begin to markedly strain the capacity 
of U.S. manufacturers to supply heavy equipment 
to developers. To deploy a 1-million-bbl/d indus- 
try by that time would use between 15 and 30 per- 
cent of current U.S. annual production of this 
equipment. There would be a similar strain on the 
capacity of large integrated architectural/engi- 
neering firms capable of undertaking major proc- 
ess plant construction. 


e Existing capital markets and lending institutions 
are able to supply sufficient capital for even the 
rapid development of a large industry (1-million- 
bbI/d by 1990) without significant perturbations. 


e Qil shale development would provide a number of 
economic benefits such as contributions to the na- 
tional fuel supply and direct substitution for for- 
eign oil imports. A production of 500,000 bbi/d 
would reduce the balance-of-payments deficit by 
about $5 billion current dollars if the price of for- 
eign crude were $31/bbl. 


e Oil shale development, even at high rates of de- 
ployment, would have an insignificant impact on 
national prices and rates of employment. How- 
ever, the production of even 200,000 bbl/d by 
1990 would noticeably increase local rents, land 
prices, and labor costs. Even moderate devel- 
opmental rates would favorably affect local em- 
ployment levels and this effect would extend to the 
region with the deployment of a 400,000-bbl/d in- 
dustry by 1990. 


Development, Commercialization, and Deployment’ 


In this assessment, the term commerciali- 
zation is used to designate the process by 
which private industry adopts a technology 
for commercial use after most of the tech- 
nical uncertainties affecting its economic fea- 
sibility have been resolved. In the United 
States, commercialization of new technol- 
ogies is primarily undertaken by private firms 
without direct Federal intervention. Never- 
theless, during the past decade the amount of 
direct Government involvement has risen 
sharply. If Congress and the administration 
decide to stimulate the commercialization of 


oil shale, it will be necessary for their atten- 
tion to be focused on the period between the 
time when the major technical problems have 
been solved and the time when the technology 
is commercially self-sufficient—the initial 
phase. Once a decision about the advisability 
of intervention has been made, the question 
then is how the commercialization of the ini- 
tial phase can best be accomplished. 


Government sponsored development pro- 
grams consist primarily of research and de- 
velopment (R&D) to solve the technical prob- 
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lems of a process. Thus far, such programs 
for oil shale have been directed to developing 
specific techniques for mining, retorting, rub- 
bling (in MIS processing), removing of impuri- 
ties, and hydrotreating the shale oil. 


Commercialization, in which a technology 
is adopted and made economically viable by 
private industry, involves the resolution of 
the institutional and economic deterrents that 
affect profitability. Efforts by the Govern- 
ment to promote commercialization assume 
that the adoption by private industry of a 
process, which is temporarily not commer- 
cially viable, will be expedited. The rationale 
is that such assistance will enable an indus- 
try to become self-sufficient and profitable 
without further subsidy. A Government-spon- 
sored deployment program differs from one 
to promote commercialization in that it does 
not assume that an industry will ultimately be 
self-sufficient or that incentives are tempo- 
rary. The deployment of the synthetic rubber 


industry during World War II is a well-known 
example of such a program. In this case the 
industry subsequently became _ profitable 
without subsidy, but this was not the main ob- 
jective of the program. 


Both deployment programs and commer- 
cialization support for synthetic fuel plants 
have been proposed. Although they have simi- 
lar goals, these strategies imply very dissimi- 
lar relationships between Government and in- 
dustry. Deployment programs are govern- 
mentally controlled. The function of private 
firms is restricted to advising, constructing, 
and, in some instances, operating the facil- 
ities. Private corporations provide services 
for a fee to the Government, which buys the 
products and services and retains ultimate 
authority over the planning and the pacing. 
Commercialization, on the other hand, implies 
that the private sector makes the final deci- 
sions about adopting a technology. 


The Rationales for Federal Intervention 


From an economic point of view, Govern- 
ment involvement in commercialization may 
be justifiable when private industry declines 
to undertake an enterprise that meets major 
social needs or benefits society. The penalty 
for governmental inaction may take the form 
of a forgone social benefit, such as a de- 
crease in national security because of insuffi- 
cient domestic suppies of oil, or of increased 
costs to society, such as environmental dam- 
age because of inadequate regulation. Socie- 
ty would also have to pay if, as a consequence 
of the Government’s failure to intervene, the 
price of a resource increased at a later time. 


The deliberate stimulation of a significant 
level of oil shale production could be ex- 
pected to have a number of social benefits. It 
would help reduce dependence on foreign oil. 
It would position the United States several 
years closer to the deployment of a major 
shale oil industry should this be made neces- 
sary by future political or economic events. 
Stimulated production might also have a mod- 


erating effect on oil price increases, although 
it is not clear what level of production would 
be needed for this to happen. 


Private industry declines to invest in an en- 
terprise when it lacks confidence in the pros- — 
pects for profitability. Higher expected prof- 
its are required of very risky projects than of 
more certain ones. Three types of risk for oil 
shale are discussed in this chapter: 


1. the possibility that capital and operating 
cost estimates may seriously underesti- 
mate a project’s cost and thus jeopardize 
its profitability or that the technology 
will not perform as planned, 

2. the possibility that world oil prices may 
fluctuate in such a way that product 
marketability will be interrupted at 
some point in the time period required to 
recoup the initial investment, and 

3. the possibility that regulatory delays or 
a change in environmental standards 
may adversely affect project economics. 


If the Government is already intervening in 
such a way as to penalize a new technology, 
the private sector may be discouraged from 
pursuing it, despite its usefulness. For exam- 
ple, the regulation of the prices of domestic 
petroleum and natural gas that is now being 
phased out undoubtedly penalized oil shale 
development. 


It is widely believed in oil shale industry 
circles that the overall impact of Government 
policy (e.g., regulations, permitting processes, 
preferential treatment of conventional petro- 
leum, and limitation of access to shale re- 
sources on Federal land) has been one of the 
most important impediments to oil shale de- 
velopment. 


A variety of groups and individuals oppose 
Government stimulation of the oil shale indus- 
try (or other industries) because they believe 
that the free play of market forces will make 
much more efficient and productive market 
decisions than will any federally inspired 
stimulation program. Those sharing this per- 
spective argue that favorable alteration of oil 
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shale economics by the Government will in- 
hibit the use of the most efficient energy 
sources, encourage less efficient manage- 
ment of the industry itself, increase the cost 
of energy, and foster continued dependence 
on fossil fuels. However, those who would 
allow the market to decide whether shale oil 
should be produced, also tend to argue that 
taxes on developers, restrictions on resource 
acquisition, and regulatory constraints 
should also be radically reduced. 


It does not necessarily follow from the fail- 
ure of market mechanisms to promote com- 
mercialization that the Government will or 
can do it better. Government intervention is 
justified only if its benefits (appropriately 
computed) are greater than its actual real 
costs. Since the choice is not between effi- 
cient markets and inefficient Government or 
efficient Government and inefficient markets, 
but rather between inefficient markets and 
inefficient Government, the question is which 
will be more effective in a particular situa- 
tion. 


Impediments to the Commercializaton of Oil Shale? 


The successful commercialization of a new 
technology ultimately depends on its profit- 
ability. Commercialization will not take place, 
despite Government encouragement, if devel- 
opers are unable to obtain a return on their 
investment commensurate with returns avail- 
able to them from other investments. Conse- 
quently, in determining the proper course to 
pursue with respect to oil shale development, 
the Government needs to give careful consid- 
eration to the prospects for profitable oper- 
ation. An industry that requires permanent 
subsidies is a different economic proposition 
from one that needs them only for the first 
commercial-size facilities. There are three 
types of factors that influence self-sufficient 
profitable operation: technical, economic, 
and institutional. 


Technical uncertainties primarily refer to 
the difficulties associated with scaling up a 
new process from pilot to commercial size. 


This usually involves solving technical prob- 
lems that could adversely affect operation 
and thus increase the risk of financial loss, 
e.g., a component may be required to perform 
beyond the capacity of available equipment, 
or existing mining techniques may be inade- 
quate for the scale of commercial-size opera- 
tions. With MIS technologies, the need to 
properly rubble shale in order to achieve nec- 
essary burn characteristics (and thus a high 
rate of shale oil recovery) is such a technical 
problem. With surface retorting, an example 
would be scale-up of 10 to 20 times of com- 
plex reaction systems handling massive quan- 
tities of solids. 


Economic uncertainties are different for 
those technologies that produce a substitute 
for an older product than they are for those 
that produce primarily new products. The 
economic risks associated with shale oil 
center around whether it can be produced 
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and sold with sufficient profitability to com- 
pete with conventional crude. Uncertainty 
about capital and operating costs has con- 


tinually beset corporate decisionmaking with | 


respect to oil shale commercialization. In ad- 
dition, developers are unable to accurately 
predict shale oil’s marketing potential be- 
cause of uncertainty over future prices for 
OPEC crude. The recovery cost of most world 
oil is unquestionably far lower than that of 
shale oil, and will remain so over the life of a 
first-generation shale oil facility. Oil price in- 
creases have begun to make shale oil very at- 
tractive. However, since these prices are, in 
part, set by a cartel and bear little relation to 
the cost of production, there is no certainty 
that they will continue to rise in real terms. * 


Commercial shale oil facilities producing 
50,000 bbli/d require investments of around 
$1.5 billion (third quarter 1979 dollars). In 
order to recoup this investment, they will 
have to function profitably for 10 to 15 years. 
Given the 4 or 5 years such plants take to be- 
come operational, it is clear that even the 
largest private developers would want to be 
confident about the trend of international 
prices over the next 15 years in order to un- 
dertake commercial operations. 


Institutional uncertainties occur because 
all technologies and economic activities take 
place within an institutional context that can 
act to facilitate or impede their commercial- 
ization. The extent to which this happens de- 
pends on the extent to which the technology 
and its costs create conflicts over basic val- 
ues or the use of scarce resources. At issue is 
whether the aggregate impact of Government 
policies such as leasing arrangements, taxes, 
incentives, and environmental regulations 
would be applied more or less favorably to oil 
shale development than they would be to 
other forms of energy. Clearly, Government 
policy does not treat all energy sources 
‘“neutrally.”’ 


*Many analysts believe that the OPEC cartel has lost much 
of its power to set prices and that OPEC price decisions are 
now following rather than preceding market trends. Recent evi- 
dence of market prices rising above OPEC-established prices 
supports this belief. So does the outcome of the December 1979 
OPEC meetings. 


Although not as severe as the polarization 
that has been taking place over nuclear pow- 
er, the debate over the development of oil 
shale and other synthetic fuels is significant. 
Proponents of solar power and conservation 
continue to oppose fossil-based synthetic 
fuels because their development supposedly 
diverts funds from the pursuit of ‘“‘soft’’ 
energy strategies and discourages conserva- 
tion. Environmental groups oppose develop- 
ment because of the possible deleterious ef- 
fects on air, water, and land. Fiscal conserva- 
tives oppose Federal intervention on the 
grounds that Government money should not 
be used to subsidize private development. 
Although it has been argued that the popu- 
lace of the oil shale region is generally in 
favor of development, local communities are 
concerned about the impact that these facil- 
ities might have on their quality of life and the 
local environment. 


Developers believe, virtually without ex- 
ception, that delays and costs associated with 
the permitting process are a major disincen- 
tive to oil shale investment. They argue fur- 
ther that the possibility of new or more strict 


regulations in the future is a severe impedi- 


ment to development. The imposition of new 
regulatory rules or standards after a plant is 
in construction or operation could require ex- 
tensive and costly modification of the facili- 
ty’s design or operation. These expenses 
could seriously harm a project’s economics, 
and in extreme cases force the suspension of 
operations. The need to compensate for sig- 
nificant regulatory risks and disincentives is 
one of the primary arguments used to justify 
Federal subsidies. 


To understand the prospects for successful 
commercialization, it should be recognized 
that many of the technical, economic, and in- 
stitutional impediments are interdependent. 
In general, the potential for successful com- 
mercialization is limited by the margins avail- 
able to accommodate a technology to these 
impediments without encountering barriers. 
Thus, if the relative economic advantage of a 
process is very large, then extensive adjust- 
ments to environmental standards can be 


made without reaching an economic barrier. | 
When a process has relatively low technical 
performance requirements, it may be possi- 
ble to reduce economic or institutional bar- 
riers by upgrading technical performance. 
However, if technical performance goals are 
high, production costs are close to or exceed 
the selling price for competitive products, 
and institutional barriers are restrictive, 
then the technology will encounter serious 
difficulties. Under these conditions, the usual 
response of industry would be to postpone 
commercial commitment while waiting for 
technical improvements, reduced institution- 
al barriers, or improved market prices for the 
product. 


Technical problems can be _ reduced 
through further R&D. Economic uncertainty 
can be averted through some form of subsidy. 
Institutional barriers can be minimized 
through altering administrative or regulatory 
rules and timetables. 


Although other considerations are ex- 
tremely important (e.g., overall cost to the 
Government, financial exposure, and admin- 
istrative burden), the risks presented in com- 
mercializing a particular industry must be 
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seen, at least in part, from the point of view of 
present and potential developers. The suc- 
cess of any Government program to stimulate 
the commercialization of a new technology 
depends, to a large degree, on the extent to 
which the policy incorporates the developers 
own perceptions of the risks, benefits, and 
uncertainties associated with production. 


Surface oil shale technologies are compar- 
atively well-understood with only a few re- 
maining technical uncertainties. They are, in 
fact, very much the same today as they were 
20 years ago, and present little room in which 
to maneuver with respect to changing their 
scale of operations or improving their per- 
formance. For example, there is apparently 
no alternative to large-scale mining and the 
disposal of sizable quantities of spent shale. 
In real terms, these technologies are unlikely 
to become significantly less costly than they 
are now. Thus, the possibility of technical 
tradeoffs from the technology itself is re- 
duced, and the improvement of overall com- 
mercial prospects must come through the re- 
duction of economic and institutional bar- 
riers. 


Risks, Uncertainties, and Impediments Associated With 
Oil Shale Development 


The commercialization of oil shale faces 
three primary economic risks and uncertain- 
ties: 


e the uncertainty over the costs of building 
and operating commercial facilities; 

e the risk of unfavorable recovery-cost dif- 
ferentials relative to conventional crude 
(except possibly those from such frontier 
areas as Outer Continental Shelf devel- 
opment); and 

e the uncertain future selling prices of 
world oil. 


These are compounded by the partial con- 
nection between the costs of oil shale facil- 
ities and the rising price of energy. 


63-898 0 - 80 - 13 


There are three additional uncertainties 
related to the carrying capacity and response 
of the institutional systems within which the 
oil shale industry operates that could serious- 
ly affect the economics of the industry. They 
are: 


e the possibility (under conditions of rapid 
large-scale deployment) of bottlenecks 
and shortages of equipment, architec- 
tural and engineering construction ca- 
pacity, and trained manpower for con- 
structing and operating facilities; 

e the possible scarcity of available and 
reasonably priced investment capital 
during the period of construction; and 
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e the potentially unfavorable effects of 
present or future Federal and State reg- 
ulatory policies on commercial develop- 
ment. 


Plant Capital Cost Estimates 


A 50,000-bbl/d oil shale facility would re- 
quire a capital investment of around $1.5 bil- 
lion in 1979 dollars. Operating costs are esti- 
mated by industry at $8 to $13/bbl of crude 
shale oil processed, exclusive of capital re- 
covery. Such an investment would be under- 
taken cautiously even if the estimates of capi- 
tal and operating costs for oil shale plants 
were known to be accurate. However, during 
the past 10 years, capital cost estimates have 
increased much more rapidly than has the 
general rate of inflation, and still do not ap- 
pear to be totally reliable. The experience of 
Colony Development is illustrative but not ex- 
ceptional. Its direct capital cost estimates for 
a 43,000-bbl/d facility increased from $225 
million in 1972 to $1.3 billion in early 1979, 
and were $1.7 billion in February 1980. (See 
table 22.) 


Cost escalations of this magnitude are not 
unusual for large, capital-intensive facilities 
involving complex novel technologies. As 
demonstrated by experience with light water 
reactors, many coal gasification plants, Ca- 
nadian tar sands, and various weapons sys- 
tems, cost estimates are likely to rise rapidly 
as a process advances from initial to defini- 


tive engineering designs. Also, as with similar — 
projects, oil shale development is highly vul- 
nerable to changes in the cost of capital and 
labor. These costs have increased more rap- 
idly in recent years than the composite rate of 
inflation. In addition, oil shale development 
will be particularly subject to regulatory re- 
quirements, permitting procedures, and pos- 
sible environmental litigation that could delay 
or arrest construction and substantially add 
to costs. 


A number of hypotheses have been offered 
to explain these cost estimate increases. 
Some argue that since the historically most 
accurate method of estimating the price of 
shale oil is simply to add $5 to the price of im- 
ported oil, oil shale companies are exaggerat- 
ing their costs in order either to prepare the 
market for high selling prices or to get large 
governmental subsidies. This charge has its 
basis in the observation that the rise in shale 
oil cost estimates has paralleled foreign oil 
prices, and seems to increase each time the 
Government gives serious consideration to in- 
dustry subsidies. Neither this nor any other 
investigation has produced evidence that cost 
increases are contrived. Most of the vari- 
ations in cost increases and estimated prices 
for oil shale can be explained by examining 
four significant variables: 


e increases in the general rate of inflation, © 
e escalations in the real costs of plant con- 
struction, 


Table 22.—Cost Estimates for Oil Shale Processing Plants 


Estimated cost 


Time of estimate $ million Data source Scope and detail of estimate 
Ai [ote) aren. ae © $ 138 Department of the Interior Initial 

leche s sew On 144 The Oil Shale Corp. Initial 

OYA as 3 aa coe 250 National Petroleum Council Initial 

AG Comet ier pee 280 Department of the Interior Initial 

AGT SIEM be eae.. 4 250-300 Colony Development Operation Initial 

Early 1974...... 400-500 Colony Development Operation Detailed (early version) 
Late O74 sei 850-900 Colony Development Operation Detailed 

ISNA), etapa ae dite ett 960 The Oil Shale Corp. Update 

VOTO hs whet o 1,050 The Oil Shale Corp. Update 

1975 Rice apie 1,350 OTA Update 

195 Ubes aneecnele 1,700 The Oil Shale Corp. Update 


Plants use underground mining and aboveground retorting to produce approximately 50,000 bbI/d of shale oil syncrude. 


SOURCE: Office of Technology Assessment. 
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¢ more stringent environmental standards 
for oil shale operations, and 

¢ increases in estimates as a consequence 
of more complete and detailed knowl- 
edge of a facility’s actual design. 


Increases in the General Rate of Inflation 


Many developers believe that chronic infla- 
tion during the last 10 years has been the pri- 
mary cause of the exceptional cost escala- 
tions. Although inflation rates were very high 
between 1972 and 1976, this view is appar- 
ently incorrect. For oil shale developers fac- 
ing nominal rather than adjusted real prices, 
the overall impact of dollar inflation would 
appear quite large. The rate of general price | 
inflation also tends to drive up the interest 
rates on construction loans. However, as 


_ shown in figure 51, during the period from 


1972 to 1977, not more than 12 percent or ap- 
proximately $100 million of the cost estimate 
increases were due to changes in the general 
price index. The rate of general inflation is 


Figure 51.—Increases in Capital Cost Estimates 


_| Increases from { Max 
environmental 4 


ae es ee ee 
-_ 


1971 1972 1973 1977 


1974 


Year 


1975 1976 


“Dupont index: This index gives the gradient of change for industrial process 
plant costs. Although not entirely appropriate for oil shale plants, it is the best 
available index. However, it probably somewhat understates plant cost escala- 
tions. 


SOURCE: Edward W. Merrow, Constraints on the Commercialization of Oil 
Shale, 2293-DOE, September 1978. 


important because of the way it affects the 
perceptions of developers. The factors that 
influence relative price changes are, how- 
ever, considerably more significant. 


Escalations of Plant Costs 


Large plants are vulnerable during periods 
of extreme inflation when the demand for 
necessary equipment and services rises 
sharply relative to their supply. Such a period 
existed in 1974. From mid-1973 to 1975 the 
general price index increased in excess of 20 
percent, but chemical industry equipment in- 
creased by approximately 70 percent, and 
certain key items such as compressors and 
heat exchangers increased by almost 100 
percent. It was during this period that the 
cost estimate for the Colony oil shale plant ap- 
proximately doubled. 


The effects of severe sectoral inflation on 
project costs are even greater than those sug- 
gested by the above numbers, which are 
based on list prices that are often discounted. 
Discounts are eliminated as industry inflation 
accelerates. 


In a crash program for synthetic fuels, 
there will almost certainly be real cost esca- 
lations and overruns. The first few plants 
committed could contract for a significant 
part of the available U.S. manufacturing ca- 
pacity for key items such as valves, pumps, 
compresssors, and pressure vessels. As addi- 
tional plants reach the procurement stage, 
equipment suppliers would be forced to quote 
longer and longer delivery times. These entail 
higher price contingencies for contractors to 
cover unknown increases in supplier costs, 
and can have a devastating impact on large 
capital projects. Almost half the total per- 
barrel cost of synthetic fuels is estimated to 
be solely the carrying cost of the capital in- 
vestment. Project owners will, therefore, be 
willing to bid up the prices for essential 
equipment in order to save time. A single 
week’s delay could increase costs by millions 
of dollars. 


Because of the potential for extreme sec- 
toral inflation, costs could increase dramati- 
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cally in a crash program. Building 20 plants 
could cost considerably more than twice the 
cost of building 10 plants. Any savings in 
design costs by building duplicate plants 
would be wiped out by cost increases. Plant 
construction costs during an all-out crash 
program are likely to increase in real terms 
by 50 percent or more.? 


Increases Due to Environmental Regulations 


The environmental legislation passed dur- 
ing the late 1960’s and early 1970’s, along 
with the provision of substantial enforcement 
power to the Environmental Protection Agen- 


cy, altered the context in which large-scale 


industrial development may now take place. 
Without question, this legislation, which has 
been paralleled by similar State laws, has 
been and will continue to be very costly to in- 
dustry. It is not possible, however, to accu- 
rately ascertain what the actual costs of 
meeting these standards are, because the 
costs are both direct and indirect. Most esti- 
mates usually include only the former cost 
category. Cost estimates for meeting some of 
the standards are discussed in detail in chap- 
ter 8. 


In 1978, the RAND Corp. estimated that the 
direct costs of pollution control technologies 
for oil shale developers ranged between 6.5 
and 15 percent of total capital costs. These 
were primarily for eliminating hydrocarbons, 
particulates, and hydrogen sulfide from the 
retorting process, and for dust control and 
spent shale disposal. By assuming a zero val- 
ue for environmental costs in 1971, RAND 
goes on to estimate that between 8 and 20 
percent of the increases in estimated capital 
costs or $65 million to $165 million between 
1971 and 1978 were caused by environmental 
factors. 


These estimates do not include the possible 
indirect environmental costs that might occur 
because of: 


e necessary siting changes, 
e alterations of mining plans, 
e disruption of construction schedules, 


e less efficient facility operation, and 
e costs of potential litigation. 


Each of the above can have enormous im- 
pacts on plant economics; delays occurring 
late in the construction stage are particularly 
costly. A 6-month delay in the middle of con- 
struction could add more than $100 million to 
costs. Additional environmental equipment 
can substantially reduce reliability and the 
on-stream factor,* if operations must cease 
when environmental equipment fails. A re- 
duction in the on-stream factor of 5 percent 
will increase the required selling price of the 
product by 7 percent. A construction delay 
such as might be caused by environmental 
litigation can be extremely costly after 
ground has been broken. The costly delays 
and disruptions described here will probably 
characterize only a fraction of the projects 
undertaken. Nevertheless, they constitute a 
significant risk that must be included by de- 
velopers in their contingency plans. 


Environmental regulations add to devel- 
opers’ estimates of uncertainty and risk. The 
uncertainty is over how present regulations 
will be interpreted, administered, and en- 
forced; and the risk derives from the possibili- 
ty of future regulations. Rather than making 
an attempt to predict with some degree of ac- 
curacy what might be the indirect effects of 
environmental standards on plant economics, 
developers have increased the size of their 
estimates as a hedge against uncertainty, 
based on their informal sense of general risk. 
Although environmental regulations have sig- 
nificantly augmented industry’s capital cost 
estimates, they nonetheless are responsible 
for less than than 20 percent of the overall 
cost estimate escalations since 1971. 


The Learning Curve for New Plant Design 


The escalations due to improved knowl- 
edge about costs, as a consequence of more 
complete engineering designs, appear to be 
responsible for the largest increases in capi- 


*The on-stream factor is the proportion of operating days 
per year. 


tal cost estimates. Between 40 and 50 percent 
of the estimated increases between 1971 and 
1977 were of this kind. 


Forecasting the costs of constructing a 
commercial facility for a new technology is 
normally based on a series of engineering de- 
sign estimates, each of which is presumably 
more detailed and accurate than the previous 
one. There are four types of such estimates. 
They start with initial estimates, which are 
‘‘back of the envelope”’ predictions that give 
only a rough indication of eventual costs; pro- 
ceed through the preliminary design estimate 
in which the plant’s subsystem flows are de- 
fined, but component subprocesses are not 
defined; continue with the detailed design in 
which estimates are prepared for specific 
materials and components; and end with the 
final design estimate in which precise costs 
for all materials, components, and labor are 
pulled together. The final design estimate 
should accurately locate the cost of immedi- 
ate construction to between plus or minus 
(usually plus) 15 percent of the eventual cost. 


The cost of preparing a final engineering 
design estimate for a commercial-size oil 
shale facility is between $12 million and $20 
million. To date, only detailed design esti- 
mates have actually been carried out. The in- 
tention of this iterative estimation process is 
to provide continually better design forecasts 
based on continually more precise technical 
data derived from increasingly larger devel- 
opmental tests. As the designs become more 
complete and the technical data improve, the 
costs become clearer. 


The cost estimate escalations that took 
place between 1973 and 1976 occurred, in 
part, because prior to the middle of 1974, no 
final or detailed engineering design estimates 
had ever been prepared. Colony Oil Shale De- 
velopment Corp.’s detailed design estimate 
represented an 80-percent increase over the 
preliminary design estimate made 10 months 
earlier. The subsequent experience of other 
developers with their more detailed designs 
was similar. 


Cost estimation increases are by no means 
limited to oil shale facilities. Similar in- 
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creases have characterized the development 
of coal gasification, coal liquefaction, Cana- 
dian tar sands, light water nuclear reactors, 
and a variety of new weapons systems. How- 
ever, several characteristics of oil shale 
plants present particular design and estima- 
tion problems. First, such plants are highly 
site specific. The costs of transporting, min- 
ing, handling, and disposing of shale all de- 
pend on the nature of a site’s topography, ge- 
ology, and surrounding terrain. Second, the 
estimation of oil shale plant costs requires an 
array of engineering, architectural, econom- 
ic, and technical skills possessed by only a 
few architectural and engineering firms. 


The reliability, or on-stream factor, for the 
plant after it is constructed, figures signifi- 
cantly in the eventual cost of production. Cost 
estimates compute the cost of building the 
plant, and then assume that it will be on- 
stream about 90 percent of the time. There is 
a high probability, however, that pioneer 
plants will not operate as planned for some 
time, or until such time as additional in- 
vestments are made to correct their prob- 
lems. For this reason, companies tend to build 
only those designs that are known to work, 
even though new but untried approaches may 
promise appreciable savings. 


As technical data improve and developers 
complete more detailed design estimates, the 
gradient for real cost escalations will level 
off. It is probable, but not certain, that cur- 
rent cost estimates are fairly realistic and 
that there will be no further substantial in- 
creases, other than normal inflation. How- 
ever, no commercial-sized facilities have 
been built, and cost estimates are unlikely to 
become stabilized without industry experi- 
ence in constructing and operating such facil- 
ities. 


Uncertain Future Prices of World Crude 


The market price of premium grades of 
conventional crude oil is a major determinant 
of the highest possible profitable selling 
prices for syncrude from shale. Therefore, 
present and future prices for conventional 
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crude are among the basic factors that will 
condition the economic viability of the oil 
shale industry. A developer who commits 
$1.4 billion to $1.7 billion to a shale oil plant 
with a very long payback period must be rea- 


sonably confident that the market value of the . 


product will exceed its production costs. 
Uncertain future prices of international oil 
prevent firms from accurately predicting 
market values for shale oil. Since the Arab oil 
embargo of 1973-74, the actions of the OPEC 
cartel and high international demand have 
pushed the price of world oil far above recov- 
ery costs. 


Between September of 1979 and February 
of 1980 the prices of world oil increased by 
over 30 percent. In March of 1980, the posted 
prices of the premium grades of conventional 
crude (the counterpart of upgraded shale oil) 
stood between $34 and $38/bbl. Their spot- 
market prices (e.g., for Wyoming Sweet and 
the best grades of Nigerian and North Afri- 
can oil) are currently between $40 and $52/ 
bbl. Sweet crude oils were recently sold from 
the Elk Hills and Teapot Dome Petroleum Re- 
serves for $43 and $50/bbl respectively. 
These increases, along with the probability of 
further escalations in the future, have sub- 
stantially improved shale oil’s economic at- 
tractiveness. The future viability of shale oil 
is predicated on the assumption that in- 
creases in its production costs will lag behind 
the rising price of world market crude. On the 
basis of the best current capital and operat- 
ing cost estimates (compiled between Novem- 
ber of 1979 and February of 1980), it appears 
that shale oil may have reached parity with 
conventional oil without subsidy. However, 
this conclusion is subject to several critical 
limitations. 


First, this finding assumes that current 
capital and operating cost estimates are, in 
real dollar terms, within 20 percent of being 
accurate. Given that such projects have 
never been previously undertaken, still lack 
final engineering design estimates, and are 
prone to possibly severe inflation because of 
associated heavy equipment costs, this may 
be a very risky assumption. 


Second, most analysts expect international 
oil prices to increase by 3 or 4 percent per 
year, over and above inflation. This will mean 
that the price of oil will double, in real terms, 
by 2000. However, because international oil 
prices are still set, in part, by a cartel, the 
future of the market cannot be predicted with 
any certainty. Increasing or continued high 
demand, decreasing world reserves, and 
OPEC or producer-state governmental poli- 
cies directed at conserving their reserves 
through price rationing could result in sus- 
tained price inflation for imported oil. On the 
other hand, prolonged recession in the indus- 
trial West or reduced international demand 
could limit oil price increases in the future. 
Recent events strongly indicate that OPEC’s 
capacity to set international oil prices has 
been substantially weakened. Nevertheless, 
the play of market forces is still likely to main- 
tain upward pressure on prices. In any event, 
future incremental price increases are not 
likely to be regular. Instead, temporary peri- 
ods of oversupply and soft markets are likely 
to alternate with shortfalls and high demand. 
Therefore, short periods of stable prices will 
probably alternate with rapid price in- 
creases. 


Finally, the question of whether present 
and future oil prices will allow profitable sell- 
ing prices for shale oil without subsidy de- 
pends on the discount rate that firms are as- 
sumed to require in order to undertake devel- 
opment. The average real aftertax returns on 
investment of U.S. industrial firms is gener- 
ally between 6 and 10 percent. Given the 
risks associated with a pioneering industry, 
oil shale developers will require a larger 
profit than that obtained from less risky proj- 
ects. Industry sources generally maintain 
that this would mean a real aftertax expected 
profit of between 12 and 15 percent. Break- 
even selling prices for shale oil are extremely 
sensitive to the discount rate, which at 12 
percent would make shale oil competitive 
with conventional petroleum according to 
OTA’s analysis. However, if developers re- 
quire a 15-percent rate of return to under- 
take investment, then subsidies will probably 
still be necessary. 


\ 
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Choosing Goals for Oil Shale Development 


The Federal Government has a variety of 
options available to stimulate oil shale devel- 
opment. In order of increasing Government 
involvement, these include: 


e continuing present policies and provid- 
ing no additional incentives; 

e encouraging precommercial 
plants; 

e building and operating a number of Gov- 
ernment-owned modules; 

e encouraging a few commercial-sized 
plants; and 

e deploying a major industry. 


modular 


Each option differs with respect to the cost 
to the Treasury, the level of shale oil produc- 
tion, the risks of cost overruns and inefficien- 
cy, and the impacts on the physical and social 
environments. They also vary with respect to 
the extent and types of financial incentives 
that would be most effective. 


There are two major policy goals to be met 
by an oil shale industry. One is to deploy 
enough production capacity to answer the re- 
maining uncertainties related to economic 
and technological feasibility and environmen- 
tal impacts. The other is to quickly displace 
foreign oil imports. 


Information Base Goal 


Because no oil shale process has as yet 
been commercialized, the economics, techni- 
cal operability, and environmental impacts of 
each of the processes are still not fully 
known. If the most promising processes were 
operated at either the precommercial modu- 
lar scale or at commercial capacity many 
questions could be answered and compari- 
sons among the various processes would be 
possible. Operating experience could be ac- 
quired by providing incentives to industry, by 
operation of Government-controlled modular 
test facilities, or through some combination of 
both. Although some questions could be an- 
swered by research, a moderate development 
and production program would reliably an- 


swer most of the remaining technical, eco- 
nomic, and environmental questions. It would 
also facilitate the selection of the most feasi- 
ble oil shale and synthetic fuel technologies 
available today; provide information for ra- 
tional decisions regarding oil shale commer- 
cialization; and put the United States several 
years closer to full-scale production capacity. 


A modest program for stimulating the con- 
struction of a limited number of commercial 
or modular facilities would be less likely to 
fail. Such a strategy reserves judgment con- 
cerning the ultimate extent of development 
until the processes have been tested. This has 
the advantage of allowing policymakers to 
evaluate commercial results and consider 
alternatives for further reduction of oil im- 
ports prior to contracting for additional 
facilities, and should improve the chances of 
ultimately establishing a self-sufficient oil 
shale industry. It should be noted, however, 
that the information base strategy tends to ig- 
nore the fact that technology is not static but 
is continually changing. By gathering data on 
‘today’s’ processes, this approach may ig- 
nore possible (probable) future process devel- 
opments. It is possible that complete informa- 
tion could be obtained on several processes in 
the next 10 years only to discover that a new 
process may be more productive. Should pol- 
icy be to repeat the cycle and obtain more in- 
formation, or to build the obsolete plant? 
From an economic standpoint the choice is 
not a simple one. 


In the absence of time limitations, the over- 
demand for scarce capacity in construction 
companies, in skilled labor, in plant materi- 
als, and in architectural engineering firms 
would be reduced or even avoided. When 
these are placed in short supply, costs esca- 
late, the quality of design is lowered, and 
fewer plants may be constructed. 


ICF in a recent study for the Budget Com- 
mittee of the U.S. Senate? summarized the 
benefits of proceeding with development in a 
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two-phased strategy by maintaining that such 
an approach would: 


e be an effective symbolic action showing 
the seriousness with which the United 
States intends to reduce energy imports; 

e provide the opportunity through follow- 
on stages of development to reduce ener- 
gy imports directly through shale oil pro- 
duction, while maintaining the option to 
consider more cost-effective ways of im- 
port reduction; and 

e provide the flexibility that has been 
found to be critical in advancing new 
technologies to a commercially viable 
stage. 


An information base strategy initially fol- 
lowed by review and possible subsequent ad- 
ditions, as discussed in this chapter, has also 
been suggested by the RAND Corp., ICF, Cam- 
eron Engineers, Booz-Allen, and the Congres- 
sional Budget Office. It assumes that the prin- 
cipal goals are to create a viable industry, 
minimize the cost to the taxpayer, and max- 
imize the efficient use of capital. 


If, however, the primary goal is to reduce 
dependence on foreign oil by 1990, then the 
extensive development of a large oil shale in- 
dustry might be more advisable. Economic 
analysts have examined whether producing 
additional oil shale (or other synthetic fuels) 
is more cost-effective than alternative ap- 
proaches such as conservation. Their anal- 
yses depend on the assumption that the desir- 
ability of synthetic fuels is chiefly a matter of 
price rather than availability. Another OPEC 
oil embargo could change this assumption. 


Foreign Oil Displacement Goal 


If present trends continue, the United 
States could import around 12 million bbl/d of 
oil by 1990. It is beyond the scope of this 
report to examine whether this import de- 
pendence could be reduced to the President’s 
target of 8.5 million bbl/d through conserva- 
tion, synfuel production, and conversion from 
oil to coal. To estimate the desirability of the 
contribution that shale oil could make to re- 
ducing import reliance requires examining: 1) 


how cost-effective shale oil development is 
compared with other energy strategies in 
achieving import reductions; 2) whether the 
costs and risks of a crash program to develop 
a large industry outweigh its potential 
benefits and whether such a program would 
achieve its production goals; and 3) if a rapid 
development strategy would have unaccept- 
able environmental costs. 


Establishing a large industry to replace 
foreign oil would have both positive and nega- 
tive effects. On the positive side, the economy 
and national security would benefit from a re- 
duction in oil imports; and in the oil shale re- 
gion, employment would rise and an in- 
creased tax base would provide revenues for 
community development. On the negative 
side, such a program would be extremely 
costly. It would necessitate investing in nu- 
merous plants, each with a capital cost of 
around $1.5 billion. Technologically inferior 
processes might be used because of insuffi- 
cient time for supporting technical R&D, and 
the accelerated construction schedule could 
lead to cost overruns and managerial ineffi- 
ciency. (The use of a “‘technologically inferi- 
or’ process could, however, be compensated 
by the inflation savings; a better process built 
10 years later would probably cost much 
more in real terms because of inflation of 
plant costs.) Capital availability for other eco- 
nomic sectors could be restricted. It is also 
questionable that mining and processing 
equipment could be supplied within the con- 
struction time frame. Furthermore, it is possi- 
ble that the lack of supporting environmental 
R&D could lead to a conflict with environmen- 
tal standards. On balance, the socioeconomic 
effects could well be more negative than posi- 
tive. 


There is general agreement among the en- 
gineering and construction firms contacted 
by OTA that a program to establish a large oil 
shale industry (over 500,000 bbl/d by 1990) 
would entail sizable cost overruns because of 
high inflation in critical supply industries. It 
would also impose severe time constraints on 
a developer’s operations. Contractual agree- 
ments for these facilities would have to begin 


immediately and continue under conditions of 
tight scheduling for the next 8 to 12 years. 
Various studies of the consequences of Feder- 
al funding to stimulate the commercial adop- 
tion of new technologies, including the 1976 
study by the RAND Corp..,° report that subjec- 
tion to severe time constraints has rarely re- 
sulted in the establishment of a viable indus- 
try. Furthermore, a rapid development effort 
would probably require the commercial oper- 
ation of facilities before the technologies and 
their economics were fully understood. 


Ch. 6—Economic and Financial Considerations ¢ 193 


A major Government effort to establish an 
industry based on a new technology under 
time constraints does not allow sufficient 
time to review progress, make cost-benefit 
tradeoffs, and modify plans in response to 
new knowledge. When a pressing national 
emergency requires a crash program, the re- 
sultant inefficiencies entailed by these re- 
strictions may be justified. However, when 
the primary purpose is to establish a self-suf- 
ficient industry, crash programs should be 
avoided. 


A Comparison of Alternative Financial Incentives 


Before oil from domestic shale can signifi- 
cantly supplant imported supplies, any devel- 
opment program must take into account the 
major technological, environmental/regulato- 
ry, and economic uncertainties that discour- 
age private firms from undertaking such in- 
vestments. To overcome these uncertainties, 
Congress is contemplating implementing an 
incentive program that would share in the 
risks or subsidize the economics of oil shale 
development. In evaluating alternative incen- 
tives and their probable effects on oil shale 
development, the reactions and preferences 
of developers must be taken into considera- 
tion. 


In conducting this analysis, 10 alternative 
| incentive structures were examined: 


e Construction grant. The Government 
provides a direct grant to cover a pre- 
specified percentage of total construc- 
tion costs, both a 50- and 33-percent 
construction grant were analyzed. 

e Production tax credit. The developer re- 
ceives a tax credit for each barrel of 
shale oil produced, a $3/bbl credit com- 
puted on shale oil prior to upgrading was 
analyzed. 

e Low-interest loan. The Government 
lends the developer a prespecified per- 
centage of capital costs at an interest 
rate below the prevailing market rate; 
the analysis assumed 70-percent Gov- 
ernment financing at 3 percentage 
points below the market rate. 


e Price support. With this incentive, the 
Government guarantees the developer a 
certain price for shale oil; the analysis 
assumed $55/bbl of hydrogen-upgraded 
syncrude (hydrotreated shale oil). If the 
market price for the product falls below 
the guaranteed price, the Government 
would make up the difference. 

e Purchase agreement. The developer con- 
tracts with the Government to sell shale 
oil at a price higher than the prevailing 
market price; the analysis assumed a 
price of $55/bbl of upgraded product. 

e Increased depletion allowance. The de- 
veloper is allowed to claim a 27-percent 
depletion allowance (at present it is 15 
percent). 

e Increased investment tax credit. The de- 
veloper can claim an additional invest- 
ment tax credit of 10 percent. 

e Accelerated depreciation. The firm is al- 
lowed to depreciate its investment over 5 
years. 

e Loan guarantee. The Government would 
agree to pay off a loan in the event that 
the firm defaults on its loan; the firm 
would typically receive a lower interest 
rate than that prevailing in capital mar- 
kets. 

¢ Government participation. The Govern- 
ment would become an equity partici- 
pant in an oil shale project. 


To evaluate how effectively the different 
incentives will promote the development of a 
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viable oil shale industry, each was analyzed 
in relation to three fundamental objectives of 
the congressional incentive program.* These 
objectives are: 


e Subsidizing the economics of shale oil 
production. The mechanism by which 
each incentive affects the perceived eco- 
nomics of oil shale development and how 
well it functions as a subsidy was ana- 
lyzed. 

e Sharing in project risks. The extent to 
which each incentive allows the Govern- 
ment to share in the risks of oil shale de- 
velopment, and the extent to which it re- 
duces the variance of the present value 
of the aftertax income from a project 
was analyzed. To conduct this analysis, 
a project risk was assigned for four spe- 
cific categories: the risk of unsuccessful 
project completion, which stems largely 
from technological and regulatory un- 
certainties; the risk associated with un- 
certain investment costs; the risk associ- 
ated with uncertain operating costs; and 
the risk associated with uncertain future 
prices for oil from shale. 

e Facilitating access to capital. The extent 
to which each incentive would sufficient- 
ly induce capital markets to lend the 
large sums of money that will be re- 
quired to develop an oil shale industry 
was examined. This consideration is 
particularly important for understand- 
ing which types of firms would benefit 
from specific incentives (i.e., whether an 
incentive will benefit less well-capital- 
ized firms or those with limited ability to 
incur debt). 


Once it was determined how well each in- 
centive met each of the program’s objectives, 
it was examined in the context of two impor- 
tant policy guidelines: 


e Efficient use of the Nation’s economic re- 
sources. To make efficient investment 
decisions,** oil shale developers should 


*Congress, before designing an incentive program, should 
specify the relative emphasis to be placed on each objective. 

**This definition of efficiency is in the somewhat narrower 
sense of its use in economics. 


pay the same prices for resources (i.e., 
land, labor, capital, and materials) that 
are paid by firms engaged in other pro- 
duction activities in the general economy 
(i.e., the prices paid should equal the val- 
ue of these resources in alternative 
uses). Similarly, the price received for 
the shale oil by producers should equal 
its value to the economy. This will be the 
marginal price of crude oil, because up- 
graded shale oil and crude oil are almost 
equally substitutable. Therefore, OTA 
analyzed the extent, if any, to which 
each incentive would interfere with de- 
velopers’ perceptions of the market 
prices of the productive resources con- 
sumed in shale oil production or the mar- 
ket price for the final product. 

e Minimal administrative burden. The cost 
of administering an incentive program 
represents a loss to the economy that 
falls on the public and private sectors 
alike. In addition, the administrative 
burden affects the time required to im- 
plement a program as well as its overall 
effectiveness. Therefore, OTA analyzed 
the administrative requirements for 
each of the incentives. 


Finally, the analysis was structured to 
assist Congress in developing an incentive 
program to meet a third policy guideline: to 
promote a healthy state of competition in the 


industry. Because of the potential multiplicity 


of objectives for an incentive program, and 
the variety of types of firms involved, it is 
probably necessary that the incentive pro- 
gram consist of a package of incentives. This 
should allow firms in differing financial, tech- 
nical, and tax circumstances all to benefit. 


To clarify the competitive implications of a 
program consisting of a combination of incen- 
tives, the kinds of firms that would most 
benefit from each incentive were identified 
based on the analyses of the incentives, a 
review of industry statements, and discus- 
sions with industry representatives. Specific 
examples of firm preferences for the differ- 
ent incentives have been documented. The ef- 
fects of the various incentives on the program 
objectives and the policy guidelines are sum- 


marized in table 23. The rank-order prefer- 
ences of different shale oil developers for the 
various financial incentives are summarized 
in table 24. In order to make a comparison of 
the incentives and evaluate their contribu- 
tions to the objectives of the total program 
and the policy guidelines, a computerized 
simulation model developed by Professors 
Wallace Tyner (Purdue University) and Rob- 
ert Kalter (Cornell University)’ was used to 
test and measure each of them against the 
case in which no incentive is offered. The 
present calculations with the Kalter-Tyner 
model were prepared for OTA by Resource 
Planning Associates, Washington, D.C. A 
complete description of the simulation model, 
its capabilities, limitations, and how it was 
employed can be found in appendix B. Using 
the model, it was possible to estimate the fol- 
lowing four variables (for all but the produc- 
tion tax credit and loan incentives): 


e Expected profit. Expected economic 
profit is defined as expected return in 
excess of a company’s minimum re- 
quired aftertax return on its oil shale in- 
vestment.* OTA calculated both ex- 
pected profit and the change in expected 
profit relative to the no-incentive case. 

e Risk. The risk of the investment refers 
both to the probability of the investment 
resulting in an economic loss (i.e., earn- 
ing less than the minimum required rate 
of return), and to the degree of variation 
in possible profit outcomes. OTA meas- 
ured this variation in absolute terms 
(i.e., the ratio of change in expected 
profit to standard deviation of expected 
profits). 

e Breakeven price. The breakeven price is 
the constant price for hydrotreated** 
shale oil at which it would just earn its 
minimum required rate of return. 

e Cost to the Government. The expected 
cost to the Government of providing the 
incentive is the gross subsidy to the firm 


*Profit was measured as the sum of each year’s cash flows, 
discounted using the company’s minimum required aftertax 
rate of return as a discount rate (see app. B). 

**In hydrotreatment the physical properties of raw shale oil 
are improved by adding hydrogen and removing nitrogen and 
sulfur. The product is often referred to as syncrude. 
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less increased tax payments to the Gov- 
ernment.* An incentive increases tax re- 
ceipts if the present value of the tax pay- 
ments is larger with the incentive than if 
an equal investment was made without 
the incentive. OTA estimated both the 
actual cost to the Government and the 
ratio of the change in expected profit to 
cost. 


With these computations, the way in which 
a firm’s marginal tax rate** (and, for a low- 
interest loan, its cost of borrowed funds) in- 
fluenced expected profits was assessed, and 
the sensitivity of expected profits to different 
discount rates (defined as the minimum rate 
of return necessary to induce private devel- 
opment) was determined. 


The numerical results of this analysis, 
which are summarized in tables 25 and 26, 
were calculated using the best available data 
for the cost of commercial oil shale facilities. 
They thus provide a reasonable approxima- 
tion of the magnitude of the probable effects 
of each of the incentives. While these out- 
comes would not be expected for the opera- 
tion of an actual facility, they would be for 
the average operations of a number of facil- 
ities. Because of the uncertainties inherent in 
the estimation, the most useful application of 
these quantitative results is for establishing 
comparisons among the incentives. 


Congress is currently considering 10 major 
kinds of incentives to be included in a domes- 
tic oil shale development program. The anal- 
ysis of the specific effects of each of these on 
the three program objectives and the three 
policy guidelines is summarized below. The 
discussion also includes a quantitative evalu- 
ation of the impact on expected profits, on 


*Government cost was calculated in present value terms as 
was private profit. Net cost for each year (i.e., subsidy less in- 
creased tax revenues) was discounted at the Government’s dis- 
count rate (assumed to be 10 percent in real terms). The result- 
ing present value calculations were summed for all years. 

**The marginal tax rate is the rate at which income from an 
additional investment (e.g., an oil shale facility) is taxed by the 
Government. For most firms, this is 46 percent. However, a 
firm with excess tax deductions or credits from other opera- 
tions would apply the excess to the oil shale investment, there- 
by reducing its marginal tax rate. 


Table 23.—Evaluation of Potential Financial Incentives for Oil Shale Development 


Incentive 
il 


~ 


wo 


. Investment tax 


. Price support 


. Loan guarantee 


. Subsidized interest Slight; subsidizes 


. Accelerated de- 


Effect of incentive on program objectives 


Subsidy effect Risk-sharing effect 


Promotion of 


Financing effect economic efficiency 


Moderate; shares risk 
associated with price un- 
certainty (if tax credit varies 
with product price) 


Moderate; shares risk 
associated with investment 
cost uncertainty 


Production tax 
credit ($3/bbl) 


Strong; subsidizes 
product price 


Strong; subsidizes 
credit (additional investment cost 


10%) 


Moderate; shares risk 
associated with price 
uncertainty 


Strong; subsidizes 
product price (if con- 
tract price is higher 
than market price) 


Slight; subsidizes 
investment cost 


Moderate; shares risk of 
project failure 


Moderate; shares risk of 


loan (70% debt at investment cost project failure 


3% below market 


rate) 

. Purchase Strong, butless than Strong; shares risk of price 
agreements price supports uncertainty 

. Block grant (33 & Strong; neutral None 
50% of plant cost) subsidy 

. Government Slight Strong; shares all project 
participation risks 


Moderate; subsidizes Moderate: shares risk 
preciation (5 years) investment cost; associated with investment 
maximum subsidy ef- cost uncertainty 

fect is limited by Fed- 

eral corporate income 

tax rate and interac- 

tion with the deple- 

tion allowance 


10. Percentage deple- Moderate; subsidizes None: increases risk 


associated with price un- 
certainty 


product price; value 
of subsidy increases 
as the need for the 
subsidy decreases 


tion allowance 
(27%) 


SOURCE: Resource Planning Associates, Inc. 


Slight adverse effect; 


Slight; improves 
distorts product price 


project economics 


Moderate adverse effect; 
distorts input costs; 
favors capital-intensive 
technologies 


Slight; improves 
project economics 


Slight adverse effect: 


Moderate; improves 
distorts product price 


borrowing capa- 
bility 


Slight adverse effect: 
distorts input costs; 
favors capital-intensive 
technologies 


Slight adverse effect; 
distorts input costs; 
favors Capital-intensive 
technologies 


Slight adverse effect, 
distorts product price 
Supports) 


No adverse effect 


Strong; improves 
borrowing capa- 
bility 


Strong; Government 
provides capital 


Moderate; improves 
financial capability 


Strong; Government 
provides capital 


Moderate; reduces No adverse effect on firm 
firm’s capital require- decisions; however, 
ment active Government 
involovement may lead 
to inefficiency 


Moderate adverse effect; 
distorts input costs; 
favors capital-intensive 
technologies 


Slight; improves 
project economics 


Moderate adverse effect: 
distorts product price in 
a variable and undesir- 
able manner 


Slight; improves 
project economics 


Extent to which incentive meets policy guidelines 
Promotion of competition 


Minimization of 


administrative burden Effect on firms 


Firm preferences 


Minimal administrative Benefits firms with 
burden large tax liability and 
strong financial 
Capability 


Minimal administrative Benefits firms with 


burden large tax liability and 
strong financial 
Capability 
Moderate Benefits all firms 


except those with 
very weak financial 
capability 


Benefits firms with 
weak financial 
Capability 


administrative burden 


Moderate admin- 
istrative burden 


Benefits firms with 
weak financial 
Capability 


Moderate admin- 
istrative burden 


Moderate (normally 
more than price sup- 
ports) 


Moderate admin- 
istrative burden 


financial capability 
Benefits all firms 


Major adminstrative 
burden very averse to risk 
(e.g., smaller, less 


well-financed firms) 


Minimal administrative Benefits firms with 
burden large tax liabilities 
and strong financial 
capability 


Minimal administrative Benefits firms with 
burden large tax liabilities 
and strong financial 
capability 


Supported by relatively 


large firms. 


Supported very strong- 


ly by most firms; 
however, firms that 
would not be able to 
use the investment 
tax credit do not favor 
its enactment 


Moderately supported 


by a wide range 
of firms 


Supported by firms 


with limited debt 
Capacity 


Supported by firms 


with limited debt 
Capacity 


Benefits all birms but Moderate, but less 
those with very weak than for price 


supports 


Supported by firms in 


widely varying 
financial 
circumstances 


Benefits firms that are Little support 


Supported by large, 


integrated oil 
companies 


Not supported 


salBojouyra! ajeys |I0 {0 }JUaWSSaSSy UY e 96) 
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Table 24.—Summary of Companies’ Ordinal Preferences for Incentives 


Liberalizing 
Price leasing 
Produc- _Invest- guarantee/ and land 
Company tiontax menttax purchase Loan Low- Block Accelerated Government management Percentage 
credit credit | agreement guarantee interestloan grant depreciation participation terms depletion 
UT OMOM: ata aio. s. cw oie 2 | 3 4 4 = = = — — 
Colony project: 
J OSCOME Gre cette 2 3 4 | 1 = 3 = = = 
ARG ORS we cota cies Sen 1 2 3 4 a = = = — _ 
SUDO ere ante Aenea 2 1 3 1 1 — = = 1 = 
Occidental es ys. ee 2 4 3 1 | = = = = — 
Rio Blanco project: 
GUIieee Re oer. eee i 2 3 = = 3 2 a — — 
Standard (Indiana)... . 4 2 = 5 5 3 | = = ~ 
SOHIO Natural Resources. 4 5 3 2 2 | = | — _ 
OKO See See oe = = — = = = == == | _ 
Standard (California)... . 3 1 4 — = = 2 — _ _ 
(COMOGO MRR Rene eee tee. oe 3 1 4 = = = 2 = = — 


NOTE: No company indicated any preference for the percentage depletion incentive. 
Rank-ordered by preference: 1 = most preferred, etc. 


SOURCE: Resource Planning Associates, Inc. 


Table 25.—Subsidy Effect and Net Cost to the Government of Possible Oil Shale Incentives? (12-percent rate of return on invested capital?) 


Ratio of change Total Ratio of change 
in expected expected in expected 
Total expected Changein Standard profit to cost to profit to 
profit expected profit deviation? standard Probability Breakeven Government Government 
Incentive ($ million) ($ million) ($ million) deviation of loss price ($) ($ million) cost 
Construction grant (50%) ... $707 $487 $205 2.4 0.00 $34.00 $494 98 
Construction grant (33%) ... 542 321 210 Wee 0.00 38.70 327 .98 
Low-interest loan (70%)... . 497 277 219 Lod, 0.00 43.40 453 61 
Production tax credit ($3) ... 414 194 219 0.9 0.01 42.60 252 77 
Price support ($55)........ 363 142 WA 0.8 0.01 NA 172 83 
Increased depletion allowance 
(27140, ees See pet fe ee 360 140 247 0.5 0.05 45.70 197 71 
Increased investment tax 
Credii(Z0%\we ee. oe 299 79 216 0.4 0.05 45.80 87 90 
Accelerated depreciation 
(SWears)\ re). kateb isk: 296 76 215 0.4 0.05 46.00 ifs 96 
Purchase agreement ($55). . . 231 il 126 0.1 0.03 NA 0 NA 
NOnGHe wots commences es ase 220 0 219 0.0 0.09 48.20 0 NA 


4A|| monetary values are in constant 1979 dollars. 


Dwith 12-percent annual inflation a 12-percent real discount rate is approximately a 24-percent nominal aftertax rate of return. The calculations assume a $35/bb!I price for conventional premium crude that 
escalates at a real rate of 3 percent per year. Thus, the predicted $48/bb! breakeven price for the 12-percent discount rate will be reached in 11 years, or in the fifth year of production. Therefore, in narrow 
economic terms, oil shale plants starting construction now, which assume a 12-percent discount rate, will be profitable over the life of the project without subsidy. (See discussion for caveats concerning 


this conclusion.) The calculations are for a 50,000-bbI/d plant costing $1.7 billion. 


Expected profit is the return in excess of a 12-percent discounted cash flow rate of return on investment. 
standard deviation is a measure of the dispersion of possible profit outcomes around expected profit. 


SOURCE: Resource Planning Associates, Inc. 


firm risk reduction, on breakeven prices, and 
on the cost to the Government. 


Production Tax Credit 


In the 96th Congress (1979), the Senate Fi- 
nance Committee approved a production tax 
credit for alternative forms of energy. Under 
this proposal, producers of shale oil would 


receive a $3/bbl credit on Federal income 
taxes. Projects operating after April 20, 
1977, and in production between 1979 and 
2000, would be eligible. The $3/bbl credit 
would be defined in real terms; that is, the 
credit would increase with inflation. This 
proposed credit will be phased out on a slid- 
ing scale as the price of imported oil in- 
creases. 
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Table 26.—Subsidy Effect and Net Cost to the Government of Possible Oil Shale Incentives? (15-percent rate of return on invested capital?) 


Total expected Change in Standard 
profit expected profit deviation? 
Incentive ($ million) ($ million) ($ million) 
Construction grant (50%) .. . $281 $477 $135 
Construction grant (33%) ... 119 onli 140 
Low-interest loan (70%).... 81 2/7 153 
Production tax credit ($3) ... —61 135 153 
PriGeSUppOrt (S55). tee oe — 88 108 122 
Increased depletion allowance 
WZATATASS) Wea oes: sacar —110 86 170 
Increased investment tax 
Chedit (20/0 eee ene —131 65 150 
Accelerated depreciation 
(OM EATS) foment a oe —127 69 149 
Purchase agreement ($55). . . — 150 46 102 
NOR 1 Mewatrgh whee a nate —196 0 ish) 


4A\| monetary values are in constant 1979 dollars. 


Ratio of change Total Ratio of change 
in expected expected in expected 
profit to cost to profit to 
standard Probability Breakeven Government Government 

deviation of loss price ($) ($ million) cost 
3.5 0.00 $40.60 $494 .96 
2x2 0.19 47.70 327 .96 
1.8 0.23 54.70 453 64 
0.9 0.63 58.30 202 54 
0.9 0.77 NA 172 .63 
0.5 0.75 57.20 197, 44 
0.4 0.77 58.80 87 5 
0.5 0.76 58.90 79 87 
0.4 0.92 NA 0 NA 
0.0 0.93 61.70 0 NA 


Owith 12-percent annual inflation a 15-percent real discount rate is approximately a 27-percent nominal aftertax rate of return. 


CExpected profit is the return in excess of a 15-percent discounted cash flow rate of return on investment. 
Sstandard deviation is a measure of the dispersion of possible profit outcomes around expected profit. 


SOURCE: Resource Planning Associates, Inc. 


This tax credit will strongly subsidize the 
production of shale oil. By reducing a firm’s 
tax liability, it effectively increases the unit 
product price by an amount equal to the tax 
credit per unit of production (i.e., per barrel) 
divided by 1 minus the firm’s Federal corpo- 
rate income tax rate. For example, if a com- 
pany’s tax rate is 46 percent, a $3/bbl credit 
becomes an effective price boost of $5.60. At 
current imported oil price averages of $35/ 
bbl, the effective price with the credit would 
be $42.60. This price boost could substan- 
tially improve a project’s economics by creat- 
ing a higher aftertax cash flow throughout its 
producing life, and a higher return on invest- 
ment. 


Although the production tax credit does 
not share in the risks of project noncomple- 
tion or price and cost uncertainties, it would 
decrease the risk of incurring a loss by im- 
proving project economics. Therefore, it may 
slightly improve the ability of firms to acquire 
capital financing. However, this tax credit 
alone would not encourage financial institu- 
tions to lend to a financially less secure oil 
shale developer. 


A production tax credit has a function sim- 
ilar to a price guarantee. Depending on lend- 
er expectations about investment and operat- 


ing costs and the resultant project profitabil- 
ity, it may provide a sufficient asset base 
against which firms may borrow for project 
financing. However, it will not assist project 
financing as strongly as a purchase guaran- 
tee or a debt guarantee. 


The production tax credit also can enhance 
economic efficiency, because it does not dis- 
tort a firm’s perception of the market prices 
for the economy’s productive resources (i.e., 
land, labor, capital, and materials), that are 
consumed in development and production. 
Moreover, if subsidizing oil shale develop- 
ment meets national objectives, this tax cred- 
it with a sliding-scale phaseout can be used 
by firms as a baseline for making their deci- 
sions. To promote efficient investment and 
production decisions, the price subsidy af- 
forded by the tax credit should reflect the 
premium society is willing to pay to encour- 
age the development of oil shale resources. 


Because it works through the existing tax 
framework, implementing a production tax 
credit should be relatively straightforward, 
necessitating little or no administrative over- 
head. The chief administrative policies would 
be to define a reference price for determining 
the value of the credit, to set an inflation ad- 
justment formula, and to develop a mecha- 


nism for ensuring that firms accurately re- 
port the amount of shale oil produced. (How- 
ever, reliance on tax-based incentives would 
tend to reduce the Government’s control over 
production levels.) 


Large, integrated oil companies will most 
readily benefit from this incentive (i.e., those 
firms having both a sufficient Federal income 
tax liability to use the credit and a strong 
ability to raise debt). Moreover, in trying to 
secure a competitive advantage in the oil 
shale development industry, those firms that 
have already undertaken investment in oil 
shale, and that can accept exposure to the 
risks of project noncompletion and invest- 
ment and production cost uncertainties, may 
favor production tax credits over all other in- 
centives. 


The production tax credit is supported by 
most of the larger firms involved in oil shale 
activities. The Atlantic Richfield Co. (ARCO), 
Gulf, Union, and Occidental, all companies 
with current oil shale investments, rank it 
either first or second in their incentives pref- 
erence lists. However, Standard of Indiana, 
which is Gulf’s partner in Rio Blanco, ranks it 
last, preferring incentives that deal with the 
front-end investment uncertainties. Chevron, 
which is just starting its oil shale develop- 
ment activities, directly opposes it in favor of 
an investment tax credit that addresses the 
investment cost risks, which Chevron feels 
are considerable. (See table 24.) 


In calculating the quantitative effect of this 
incentive, the unit value of the subsidy (estab- 
lished as $3/bbl of unrefined shale oil) was 
multiplied by the entire annual output; that 
product was then subtracted from the income 
tax obligation for each year of production.* 
The results indicate that the $3/bbl tax credit 
ranks fourth, behind the 50- and 33-percent 
construction grants and the low-interest loan, 
in its tendency to increase profitability and 
reduce the risk of loss. In addition, because 
obtaining the tax credit is simpler administra- 


*In OTA’s analysis, the tax credit was calculated on shale 
oil output prior to hydrotreating. Because of processing losses, 
the output of hydrotreated oil is 12 to 15 percent lower. 
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tively than obtaining a grant, it might be pre- 
ferred by some firms. 


Expected Profit 


In comparison with no incentive, the $3/bbl 
tax credit would increase the expected profit 
of the 50,000-bbl/d facility by $194 million. 
This increase was the fourth highest of the in- 
centives tested. With the tax credit, the ex- 
pected profit of such a facility would be $392 
million, more than enough to induce its devel- 
opment. Moreover, this tax credit would re- 
tain its high ranking irrespective of a firm’s 
marginal tax rate, unless it has excess tax 
credits (i.e., the tax credit expires before the 
firm has earned enough income to offset it). 
Although some firms might hold excess tax 
credits at the outset of production, few, if 
any, would hold them over the entire lifetime 
of a project, given the eventual large annual 
income that can be expected. Therefore, an 
excess credit situation would be likely to exist 
for no more than a few years of the tax cred- 
it’s duration which could be short or long de- 
pending on the phase-out provisions. 


The production tax credit is highly sensi- 
tive to the discount rate, however, because 
the subsidy is spread over a project’s entire 
lifetime. In fact, over the range of rates 
tested, this incentive is one of the most sen- 
sitive to the discount rate: averaged over the 
discount rates, each percentage point drop in 
the discount rate resulted in a $20 million in- 
crease in expected profit. 


Risk 


Because the production tax credit does not 
reduce the variation in possible future prices 
and costs, it does not reduce the overall vari- 
ation in possible profit outcomes. However, it 
significantly reduces financial risk because it 
boosts the expected profit. For this reason, 
the production tax credit ranks fourth behind 
both construction grants and the low-interest 
loan in reducing the probability of loss in the 
variation in profit relative to the change in 
expected profit. 
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Breakeven Price 


In the absence of an incentive, the break- 
even price was $48.20/bbl of hydrotreated 
product, with the production credit it was 
$5.60 less, or $42.60/bbl. This price ranks 
third behind the breakeven prices for 50- and 
33-percent construction grants and the low- 
interest loans; nonetheless, it is still within 
the commercially feasible range, given the 
average discounted price of oil—$53.00/bbl 
—over the production period. 


Cost to the Government 


The cost to the Government is commensu- 
rate with the credit’s strong effect on profit- 
ability. Overall, it is the fourth most costly in- 
centive, ranking below the 33- and 50-percent 
construction grants and the low-interest loan. 
Moreover, the production tax credit is one of 
the least cost-effective (as measured by the 
ratio of change in expected profit to Govern- 
ment cost). It ranks below most of the other 
incentives, including construction grants. 
However, it offers two advantages over con- 
struction grants. First, the cost to the Govern- 
ment would be spread more evenly over time; 
the production tax credit would require 
about $49 million per year over a 20-year pro- 
duction lifetime, compared with $170 million 
per year over a 5-year construction period for 
the 50-percent grant. Second, it would be 
much easier to administer for both oil shale 
developers and the Government. Developers 
would simply file for the credit on their tax 
return, thus making the Government audit of 
production records straightforward. 


Construction Grant 


Under a construction grant program, the 
Government transfers a sum of money to a 
firm undertaking an oil shale development 
project. In return, the firm must only fulfill its 
obligation to undertake the project within 
some period of time. The size of the grant 
would be some prespecified fraction of the in- 
vestment costs. Alternatively, the Govern- 
ment could hold the inverse of a bonus-bid 
lease auction (i.e., firms could bid the amount 


required to operate a project capable of pro- 
ducing a specified quantity of shale oil). In 
this case, with sufficient competition, firms 
would bid on an amount equivalent to the neg- 
ative expected present value of their pro- 
jected aftertax income. Instead of bidding a 
bonus to be paid to the Government, they 
would bid a bonus to be received from the 
Government. Those bidding the lowest bo- 
nuses, up to some aggregate bonus payout 
from the Government, would receive the 
awards. 


A construction grant would make it possi- 
ble for otherwise uneconomic projects to 
have a profitable, positive expected present 
value of aftertax income. The immediate ef- 
fect of a grant will be to facilitate capital ac- 
quisition because less funds probably will be 
needed from external sources.* In addition, 
over the life of the project, there will presum- 
ably be lower debt repayment requirements. 
A construction grant reduces the uncertainty 
over investment costs but not over operating 
costs or product prices. Thus, depending on 
its size, a construction grant may signifi- 
cantly reduce the risk of project failure. 
Moreover, it may reduce the amount of exter- 
nal financing needed, and because it im- 
proves project economics, it enables the firm 
to borrow. However, it does not create an 
asset on the firm’s balance sheet, and will 
thus provide no assurance to lenders of a 
firm’s ability to meet its debt repayment 
obligations.** 


The construction grant is not economically 
efficient since it affects a firm’s perception of 
its investment costs, creating a bias in favor 
of more capital-intensive projects. Moreover, 
once the plant is constructed, output deci- 
sions will be based on the market price of oil 
rather than the strategic value of domestical- 
ly produced synthetic fuel. Finally, the con- 
struction grant will be costly to administer 


*A construction grant program should not be confused with 
a loan program or a program to facilitate financing. To assist 
financing, the Government should consider a direct-loan or 
loan-guarantee program. 

**Unless a grant is to be paid at a future date and a firm bor- 
rows against it in the short term. 
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and may result in project delays if not proc- 
essed expeditiously. 


There will be problems in deciding the size 
of grants without an auction. A firm can re- 
fuse the project if the grant is too small. If the 
grant is too large, on the other hand, the firm 
would receive excess economic rent* from 
the project at society’s expense. To minimize 
the cost to the Government, the grant should 
equal the absolute value of the negative ex- 
pected economic rent on the project (plus, for 
a risk-averse firm, any risk premium).** 


Second, even if the Government uses an 
auction to distribute grants, firms will prob- 
ably collect excess rents at the expense of 
society. The grant program shares none of 
the risks of oil shale development. If these 
risks are as substantial as currently ex- 
pected, firms may require large risk premi- 
ums in their bonuses to ensure against eco- 
nomic loss. Although necessary and efficient 
from a firm’s perspective, the risk premium 
represents an excessive transfer of income 
from the public to the private sector. Also, 
unless competition is high and firms have 
equal access to technical information, bids 
will not be driven down to the level of the neg- 
ative expected economic rent. In this case, 
firms may strategically bid more than this 
figure in an attempt to receive higher than 
the risk-free required rate of return for 
undertaking the project. 


The administrative requirements associ- 
ated with this incentive could delay imple- 
mentation of an efficient program for several 
years. The construction grant is a neutral 
subsidy; all firms should be able to use it. 
They may, however, dislike the grant on ideo- 
logical grounds. Those that are more risk- 
averse will be at a competitive disadvantage 
in acquiring grants in an auction (i.e., their 
requirement for higher risk premiums will 
reduce the probability of winning a grant). 


*Excess economic rent here indicates a situation where the 
developer has recovered more subsidy than would have been 
required to undertake the project. 

** A risk premium is the additional margin of profit required 
by a firm in order to undertake development. 
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Construction grants are supported by firms 
of widely varying size and financial condition. 
In addition to those with more limited debt ca- 
pacity, two financially strong companies, 
Gulf and Standard of Indiana, also support 
this incentive. Gulf supports only limited 
grants; its partner in the Rio Blanco develop- 
ment, Standard of Indiana, supports front- 
end cash construction grants for up to 25 per- 
cent of project investment to help offset the 
heavy initial capital requirements of early 
projects. (See table 24.) 


The effects of grants of 50 and 33 percent 
of plant cost (estimated to average $1.7 bil- 
lion including upgrading) were analyzed, as- 
suming that the cost would be incurred over a 
period of 6 years and that the Government 
would pay its percentage of each year’s cost 
at the end of the year in which the cost was 
incurred. 


On purely economic grounds, construction 
grants would be ranked highly by oil shale 
firms. Compared with the other incentives, 
the 50-percent grant would offer the greatest 
increase in expected profit, the greatest de- 
cline in risk of loss, and the lowest breakeven 
price. The 33-percent grant also compares 
well, ranking second in its effect on profit- 
ability, ability to lessen the probability of loss, 
and breakeven price. For the Government, 
however, construction grants would be 
among the most costly incentives. 


Expected Profit 


In the simulations, (see table 25) the 50-per- 
cent construction grant yielded an expected 
profit of $707 million. When compared with 
an expected profit of $220 million when no in- 
centive was employed this represents a gain 
of $487 million, the largest of any incentive 
tested. The 33-percent grant, although rank- 
ing second behind the 50-percent grant, re- 
sulted in $321 million in expected profit. Both 
grant levels would therefore be more than 
adequate to induce private development of 
the 50,000-bbl/d oil shale facility. 


In assessing the effect of a construction 
grant on profitability, an analysis was made 
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of its sensitivity to a firm’s marginal tax rate 
and discount rate. An individual firm’s mar- 
ginal tax rate was found to strongly influence 
the grant’s effectiveness: the higher the rate, 
the lower the value of the incentive to the 
firm. Because the grant reduces the amount 
of investment that is depreciated against cor- 
porate income tax, the developer has a higher 
taxable income as a result of this subsidy. In 
analyzing this incentive, the highest marginal 
tax rate (46 percent) was used in the calcula- 
tions; the value of the grants for firms with 
lower marginal tax rates would therefore be 
greater than that stated in this report. 


It was found that the effect of construction 
grants on profitability, however, would de- 
pend only slightly on the level of the discount 
rate. The results were calculated using a 12- 
percent discount rate,* but the expected in- 
crease in profit stemming from construction 
grants changes very little with discount rates 
of 10 and 15 percent. This is because the sub- 
sidy is concentrated in the construction 
phase, thus is discounted over relatively few 
years. 


Risk 


Because the Government shares so large a 
portion of cost, construction grants have a 
very pronounced effect on risk reduction. For 
the representative facility, the probability of 
loss dropped from 9 percent with no incentive 
to O percent with both the 50- and 33-percent 
grants. Thus, these grants rank highest in re- 
ducing the risk of loss. In addition, the con- 
struction grants result in the greatest reduc- 
tion in the variation of profit outcomes (as 
measured by standard deviation) relative to 
change in expected profit. 


Breakeven Price 


The 50-percent construction grant also has 
the lowest breakeven price, $34.00/bbl of pre- 
mium syncrude, compared with $48.20/bbl 


*On the basis of studies showing that the real, aftertax re- 
turn for U.S. business averages from 5 to 10 percent, the 12- 
percent rate was selected as representative. It reflects the risk 
involved in oil shale investment compared with that of the aver- 
age investment. 


when no incentive was offered. The 33-per- 
cent grant results in the second lowest break- 
even price, $38.70/bbl. Either price would 
place the shale oil facility in the commercially 
viable range. Given an initial oil price of 
$35/bbl, and the expectation that the price 
will rise over time (at 3 percent per year in 
real terms), the price of oil at the start of pro- 
duction in 1986 would be $42/bbl. It is more 
meaningful, however, to compare the break- 
even price with a composite price of oil over 
the production lifetime—$53.00/bbl.* Be- 
cause the breakeven prices with both the 50- 
and 33-percent grants are less than this 
amount, the project would be viable. 


Cost to the Government 


Construction grants of 50 and 33 percent 
would be among the most costly to the Gov- 
ernment. In the simulations, the gross cost to 
the Government for the 50-percent grant was 
$170 million per year for each of the 5 years 
of construction. The net cost, however, de- 
pends on the marginal tax rate of the recipi- 
ent. Because the grant would reduce the 
amount of investment subject to depreciation, 
the Government would recover about one- 
third of the gross subsidy paid to firms with a 
46-percent marginal tax rate, through in- 
creased income tax payments. With this tax 
rate, the net cost to the Government for the 
90-percent grant was higher than any other 
incentive—$494 million** and third highest 
for the 33-percent grant. However, the con- 
struction grants are the most cost-effective, 
as measured by the ratio of change in ex- 
pected profit to Government cost. The net 
cost figures, however, do not include adminis- 
trative costs, which could be significant. 


To guard against cost overloading, the Gov- 
ernment would have to establish precise ac- 
counting guidelines and be prepared to audit 
all grant recipients. Furthermore, the grant 


*The composite price is a constant price, which when substi- 
tuted for the escalating market price, does not change the prof- 
it calculations (see app. A). 

**All Government costs are calculated in present value 
terms using a 10-percent real discount rate. This is the rate 
adopted by the Office of Management and Budget (OMB) for 
evaluating Government programs. (See OMB’s Circular A-95.) 
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application procedure would tend to be time- 
consuming for both the Government (complex 
auditing procedures would be required) and 
the applicant, (a well-documented application 
would be required). Alternatively, the Gov- 
ernment could simply offer to award $400 
million ($80 million per year for 5 years) to 
any company that is willing to build a 50,000- 
bbl/d plant, the only stipulations being that 
the plant must be completed and operated. 


Low-Interest Loan 


The effects of a low-interest loan are sim- 
ilar to those of a debt guarantee. Its primary 
purpose is to assist firms in financing the 
large capital outlays required for oil shale 
projects. Those that otherwise would be un- 
able to raise sufficient capital would benefit 
most from this incentive. 


With a low-interest loan incentive, the Gov- 
ernment lends money directly to firms at a 
lower interest rate than would be provided by 
private lenders. The money may be obtained 
from general funds, designated taxes (e.g., 
the extra-profits tax currently being consid- 
ered in Congress), or through a Government- 
financing authority (similar to the Federal 
National Mortgage Assistance Program). 


A low-interest loan and a loan guarantee 
would have similar effects on project eco- 
nomics. Both would reduce the interest cost 
of debt; as a result, the firm would have a 
lower payout obligation and higher cash flow 
over the life of the project. A low-interest loan 
program could have a significant effect on 
project economics. It provides access to capi- 
tal for firms that otherwise could not borrow 
in capital markets or that must borrow at 
very high rates. 


Its risk-sharing features are identical to 
those of the loan-guarantee program. As the 
direct lender, the Government shares the 
risks of project failure and default on debt 
repayment. The equity owners of the develop- 
ment firm remain exposed to the risks of proj- 
ect failure and loss of capital. With the low- 
interest loan program there is only minor 


sharing in the risk of investment cost uncer- 
tainty and none in the risks of operating cost 
and product price uncertainty. Because the 
Government lends directly to the firms, a sub- 
sidized interest loan facilitates direct access 
to capital for financially weaker firms. 


The effects on economic efficiency parallel 
those of a loan guarantee. The reduced inter- 
est rate serves as a capital subsidy, thus, it 
may favor relatively capital-intensive tech- 
nologies. The primary effect on efficiency is 
to encourage participation of a greater num- 
ber of firms in oil shale development projects. 
If increased competition leads to the testing 
and development of a wider variety of tech- 
nologies, future production costs for shale oil 
may be lowered. 


Because the low-interest loan incentive re- 
quires discretionary review and approval of 
loan applications, it will be time-consuming 
and laborious to administer. Delays in imple- 
menting an effective program may be encoun- 
tered. 


The firms that will most benefit from a low- 
interest loan program will be relatively weak 
financially with limited access to capital mar- 
kets. If the Government were to make debt 
available to all firms at less than market 
rates (i.e., rather than at the AAA rate), all, 
independent of financial condition, could pre- 
sumably benefit from the incentive. Like loan- 
guarantee incentives, low-interest loan incen- 
tives are preferred by companies with limited 
debt capacity because they need subsidized 
interest loans to raise project capital. 


This type of loan could be structured in a 
variety of ways. A loan for 70 percent of con- 
struction costs was analyzed. It was assumed 
that loan funds would be made available dur- 
ing the years the construction costs would be 
incurred (e.g., if construction takes 5 years, 
funds would be dispersed over the 5-year 
period at the rate of 70 percent of each year’s 
cost per year. It was further assumed that the 
developer would begin repayment at the end 
of the first year of production, that the loan 
would be issued at an interest rate of 3 per- 
centage points below the prevailing market 
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rate (e.g., 9-percent nominal interest on the 
loan when the market rate is 12 percent), and 
that amortization would occur over a 20-year 
period. 


A low-interest Government loan would be a 
very effective incentive, ranking close behind 
the 33-percent construction grant and pro- 
duction tax credit in its effect on profitability. 
It would act to significantly reduce the risk of 
incurring a loss. However, it might be the 
most costly to the Government; as such, it 
could be less cost-effective than other high- 
ranking incentives. 


Expected Profit 


The subsidized interest loan resulted in an 
expected profit of $497 million compared 
with $220 million with no incentive. This $277 
million increase is less than the increases in- 
duced by the 50- and 33-percent construction 
grants but more than the $3/bbl production 
tax credit. The size of the increase, however, 
depends on both the marginal tax rate for in- 
dividual firms and the access those firms 
lave to capital markets. For a firm witha 46- 
percent marginal tax rate, the 3-percent be- 
fore-tax difference between the Govern- 
ment’s interest rate and a firm’s borrowing 
rate becomes a 1.5-percent aftertax differ- 
ence, because interest payments are deducti- 
ble. The aftertax spread would be 2 percent 
for a firm with a 3-percent marginal tax rate. 
Hence, the lower the marginal tax rate, the 
more the loan is worth. In addition, the higher 
the rate of interest on alternative sources of 
debt financing, the more the loan is worth. 
Because different firms may have different 
borrowing rates, they might value the Gov- 
ernment loan higher or lower than the value 
OTA has computed. 


Risk 


The low-interest loan does not affect the 
degree of variation in possible profit out- 
comes, because it does not reduce the vari- 
ation in future costs or prices. However, it 
does significantly reduce the risk of loss; with 
the loan the probability of earning less than 


12-percent return was 0.00, but it was 0.09 
when no incentive was offered. Moreover, the 
loan is effective in reducing the degree of 
variation in profit relative to expected profit, 
but to a lesser degree than the construction 
grants and production tax credit. 


Breakeven Price 


The low-interest loan resulted in a break- 
even price for premium grade synthetic crude 
from shale oil ($43.40/bbl) that is only slightly 
higher than the price resulting from the pro- 
duction tax credit ($42.60/bbl). However, it is 
well below the price prevailing when there is 
no incentive ($48.20/bbl), and lower than the 
average expected market price over the pro- 
duction period ($53.00/bbl). 


Cost to the Government 


The low-interest loan costs the Government 
more than any other incentive except the 50- 
percent grant. It also results in the lowest 
change in profit per dollar cost. The gross 
outlay for the 70-percent loan is actually 
larger than that for the 50-percent construc- 
tion grant because both are computed on the 
same construction costs. Loan repayments 
after the completion of the construction 
phase would also be higher than the in- 
creased tax receipts under the 50-percent 
grant program. However, because the subse- 
quent receipts are discounted more heavily 
than the initial outlay, the net cost to the Gov- 
ernment in present value terms would be al- 
most as great for the 70-percent loan as for 
the 50-percent grant. Moreover, it actually 
could be higher than has been calculated, be- 
cause some firms might default on the loan.* 


Purchase Agreement 


In a purchase agreement, the Government 
signs a long-term contract with a prospective 


*These conclusions are extremely sensitive to the choice of 
Government discount rate. If Government cash flows were dis- 
counted at a rate of less than 10 percent, the loan would cost 
less. For example, at a 5-percent real discount rate, the cost to 
the Government is $201 million compared with $453 million 
when the discount rate is 10 percent. 
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oil shale developer to purchase some quantity 
of shale oil or hydrotreated syncrude at a 
contract price (either in nominal or real 
terms). The Government may set the contract 
price directly, negotiate it with firms, or in- 
vite contract price bids. If the contract price 
is negotiated or set by competition, the Gov- 
ernment can selectively apply the incentive to 
the most efficient firms by granting the pur- 
chase agreement to firms bidding the lowest 
contract prices. The Government can always 
control the number of firms using the subsidy 
by limiting the number of projects and the 
quantity of shale oil production covered in 
guaranteed price contracts. 


The purchase agreement incentive and the 
production tax credit subsidize shale oil pro- 
duction by providing (presumably) a higher 
price to developers than they would receive 
in the open market. Higher prices will benefit 
a firm over the life of the project, or until the 
specified quantity of shale oil has been pur- 
chased. 


The purchase agreement reduces project 
risk stemming from the uncertainty over fu- 
ture oil prices. Because the product price is 
essentially fixed, the Government bears all 
the risk of price variations. However, this in- 
centive does not share in the risks of project 
noncompletion or investment and operating 
cost uncertainties. 


It does offer some security to lenders, and 
may provide a sufficient asset base for firms 
to borrow against. As a result, the prospects 
for project financing are improved for firms 
with limited ability to raise debt. Like the pro- 
duction tax credit, the purchase agreement 
also has distinct economic efficiency advan- 
tages. It does not distort the prices of re- 
source inputs and thus encourages firms to 
utilize efficiently the Nation’s economic re- 
sources. In addition, it does not arbitrarily fa- 
vor any development technologies based on 
differences in capital intensity or required 
construction time. Because it works through 
the product price mechanism, the extent of 
the subsidy for shale oil is readily apparent, 
and, in theory, should be set at a level that re- 
flects the social benefit of domestic shale oil 


production. Finally, when combined with a 
competitive bid mechanism, the purchase 
agreement also subsidizes only the most effi- 
cient firms. 


Despite its advantage for economic effi- 
ciency, this incentive imposes significant 
burdens on administrative efficiency. The 
Government must determine the amount of 
shale oil to be subsidized and the contract 
price, and it must manage a system for allo- 
cating the price contracts. If competitive bid- 
ding is used to allocate contracts and set con- 
tract prices, managing the auction is another 
major administrative requirement. Moreover, 
because the mechanisms are less familiar to 
industry than for such other incentives as the 
tax credit, they will impose higher costs on 
firms attempting to use and benefit from 
them. Although purchase agreements entail a 
considerable amount of administrative bur- 
den, its type and extent are strongly depend- 
ent on the particular mechanisms employed. 


According to this analysis, all firms except 
those with very weak financial ability should 
be able to benefit from purchase agreements. 
Unlike the tax credit, a firm’s ability to use 
this incentive is not limited by the size of its 
Federal tax liabilities. To some degree, those 
that have not yet invested in oil shale develop- 
ment and are strongly averse to the risk of in- 
vestment cost uncertainty may find this in- 
centive less attractive than the investment 
tax credit and the loan guarantee. 


Expected Profit 


In the simulations, a purchase agreement 
of $55/bbl resulted in an expected profit of 
$231 million compared with $220 million with 
no incentive. The $11 million gain in profit- 
ability ranks behind gains achieved with all 
the other incentives tested. The effect on 
profitability is less than that of the $55/bbl 
price support, because with the price support 
a firm benefits when the price exceeds $55/ 
bbl (this occurs in the ninth year of produc- 
tion, assuming a 3-percent annual price in- 
crease). The subsidy effect of purchase 
agreements (and also price supports) is tied to 
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the contract price. At such price, the pur- 
chase would cost the Government nothing. 
However, its subsidy effect is also low. The 
use of a higher contract price would have 
substantially increased its incentive impact. 


Risk 


Because it eliminates all variations in 
possible future prices, the purchase agree- 
ment results in a large reduction (25 percent) 
in variations in possible profits. However, it 
does not reduce the probability of loss as 
much as the price support, because a compa- 
ny cannot benefit from upward variations in 
price above the purchase agreement price. 


Breakeven Price 


Because this incentive establishes a mini- 
mum price above the breakeven price when 
no incentive exists, there is no meaningful 
breakeven price under the price support or 
the purchase agreement. 


Cost to the Government 


At no direct cost, the purchase agreement 
was the least costly incentive for the Govern- 
ment. Government costs are incurred from 
the first year of production until the market 
price equals or exceeds the fixed purchase 
agreement price. If the market price in- 
creases over time, the cost to the Government 
declines, and if the market price exceeds the 
fixed price, the Government will regain part 
of its subsidy through low-cost purchases of 
shale oil. It can also recapture part of the 
subsidy through the increased taxes that re- 
sult from a developer’s larger taxable in- 
come. In analyzing this incentive, a high mar- 
ginal tax rate for the company was assumed; 
the cost to the Government would be higher 
than calculated here if the company had a 
lower marginal rate. 


Price Support 


A price support is currently being consid- 
ered in several proposals before Congress. It 
is similar to a purchase agreement, except 


that the Government does not take title to the 
shale oil; it simply pays the difference be- 
tween the support price and the prevailing 
free-market price. If the free-market price ex- 
ceeds the contract price, the Government 
pays nothing. The price support, like the pur- 
chase agreement and the production tax 
credit, subsidizes shale oil production since it 
is presumed to have a probability of being 
higher than the market price of imported oil. 


The effects on project risk and efficiency of 
the price support are similar to those of the 
purchase agreement: it reduces the risk of oil 
price uncertainty, it improves access to debt 
capital, and it improves project economics. 
Like the purchase agreement, the price sup- 
port entails significant administrative costs. 
However, in general, those associated with 
price supports are lower than those for pur- 
chase agreements. 


Expected Profit 


In the simulations (see table 25), a $55/bbl 
price support resulted in an expected profit 
of $363 million, which is more than enough to 
induce a profit-maximizing firm to undertake 
an investment in oil shale. The level of profit 
presents a gain of $142 million over the case 
in which no incentive is offered, placing the 
price support midway in the ranking. 


As with most of the other incentives, the 
expected profit for individual firms using the 
price support will depend on their marginal 
tax rates. The price support will be worth 
less to firms with high marginal tax rates 
than to those with low marginal tax rates, 
because the subsidized price increases tax- 
able income. 


Expected profit is also very sensitive to a 
firm’s discount rate, because the price sup- 
port begins only after the start of production 
and continues for a number of years. The ex- 
pected profit gain under this incentive varies 
more with changes in the discount rate than it 
does with a construction grant. On the other 
hand, the price support represents a relative- 
ly larger sum in the early years of production 
(assuming increasing oil prices) compared 


with the constant tax credit. Thus, the $55/ 
bbl price support is somewhat less sensitive 
to changes in the discount rate than is the 
$3/bbl production tax credit. 


Risk 


The price support is effective in reducing 
risk because it eliminates the possibility of a 
price for oil below the floor price. By reduc- 
ing the variation in possible future oil prices, 
it reduces the total variation in possible profit 
outcomes. In the simulations, the variation in 
profit with the price support was reduced by 
over 20 percent compared with no incentive. 
Given this reduction and the increased ex- 
pected profits, the probability of incurring a 
loss drops from 0.09 with no incentive to 0.01 
with the $55/bbl price support. This reduc- 
tion in risk is only slightly below that for con- 
struction grants, the low-interest loan, and 
the production tax credit. (See table 25.) 


Breakeven Price 


Because this incentive establishes a mini- 
mum price above the breakeven price when 
no incentive exists, there is no meaningful 
breakeven price under the price support or 
the purchase agreement. 


Cost to the Government 


The price support, which ranks fifth in its 
net cost to the Government, would be spread 
over most of the production life of the facility, 
with a larger share in the early period if the 
price of oil continues to rise. In the analysis, 
the net cost figure of $172 million, which ac- 
counts for the partial recovery of the gross 
subsidy through increased income taxes, was 
calculated using a 46-percent tax rate. The 
cost of this incentive to the Government 
would be higher in the event of lower margin- 
al tax rates. 


Investment Tax Credit 


Several oil shale developers view the in- 
vestment tax credit as one of the most desir- 
able incentives. These firms have indicated 
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that an additional 10- or 15-percent invest- 
ment tax credit would be particularly attrac- 
tive. (See table 24.) 


Like the production tax credit, an invest- 
ment tax credit strongly subsidizes the pro- 
duction of oil shale. Under current tax ac- 
counting procedures, it effectively reduces 
the cost of an investment by the percentage of 
the tax credit. That is, firms can deduct a 
specified percentage of their capital costs 
from their income tax liabilities during the 
first year in which the project operates. 
When construction is scheduled over several 
years, a firm’s actual benefit is reduced by 
discounting because the tax credit is not 
taken until the project begins operation. The 
investment tax credit increases net cash flow 
early in the life of the project when compa- 
nies often need such a boost. However, de- 
pending on the dollar value of the investment 
tax credit relative to a firm’s tax liabilities, it 
may take several years to fully utilize the tax 
benefit if other revenues are not available on 
which to use the tax writeoffs. 


By reducing investment costs by a specified 
percentage formula, the investment tax cred- 
it reduces the variance in investment cost, 
and allows the Government to share in the 
risk of capital-cost uncertainties. In the early 
stages of oil shale commercialization, capital- 
cost uncertainty will be a major source of 
risk. 


As investment costs increase, the share 
paid by the Government increases in propor- 
tion to the percentage rate of the tax credit. 
Conversely, as investment costs decrease, the 
Government’s share decreases. The invest- 
ment tax credit does not share in the risks of 
project noncompletion and price and operat- 
ing cost uncertainties. 


Although an investment tax credit will en- 
hance a project’s profitability and return on 
investment, it cannot overcome the financing 
problems of firms with limited debt capabili- 
ty. Unlike the production credit, it does not in- 
duce lenders to provide the substantial 
amounts of capital required for oil shale de- 
velopment. 
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The effect of the investment tax credit on 
economic efficiency is less desirable than the 
production tax credit, for several reasons. 
First, it interferes with a firm’s perception of 
the market prices for the resources used in oil 
shale development. This incentive subsidizes 
investment costs only, and so favors the more 
capital-intensive development technologies. 
In addition, because the value of the tax bene- 
fit decreases as the length of the construction 
period increases, an investment tax credit in- 
centive favors development technologies with 
relatively short construction leadtimes. 


Because the investment tax credit has been 
part of the tax structure for several years, it 
is particularly easy to implement. Analysis 
has indicated that large, integrated oil com- 
panies (i.e., firms with large tax liabilities 
and strong financial capabilities) will prefer 
and benefit most. By inference, firms that 
prefer an investment tax credit to a produc- 
tion tax credit are more averse to the risk 
associated with investment cost uncertainty 
than to the risk associated with product price 
uncertainty. 


Expected Profit 


In simulating the impact of a simple 10-per- 
centage point increase” in the investment tax 
credit, it appeared unlikely that it would in- 
crease the profitability of oil shale ventures 
enough to induce their development. In the 
quantitative analysis, the hypothetical facili- 
ty had expected profits of $299 million com- 
pared with $220 million without an incentive. 
On the basis of the effect of profitability, the 
increased investment tax credit ranked near 
the bottom, above accelerated depreciation 
and the purchase agreement. 


The investment tax credit’s effect on prof- 
itability (like the production tax credit) is not 
sensitive to the marginal tax rate unless a 
firm has excess credits at the time the in- 
creased tax credit expires. However, unlike 
the production tax credit, the investment 
credit is claimed over a short construction 


*The existing investment tax credit has an additional 10-per- 
cent tax credit for energy investment. However, this credit was 
ignored in the calculations because it was due to expire in 
1982. 


period rather than a long production period. 
Therefore, its value is relatively more sen- 
sitive to a firm’s overall tax credit situation. 
This credit is, however, relatively insensitive 
to a firm’s discount rate because all the tax 
credit would be claimed early in the life of the 
project and would thus be discounted over 
relatively few years. 


Risk 


The investment tax credit was found to 
have a slight effect on the risk of loss but vir- 
tually no effect on the variability of profit out- 
comes. With this incentive, the probability of 
a loss dropped to 0.05, the same level as the 
increased depletion allowance and acceler- 
ated depreciation. 


Breakeven Price 


At $45.80/bbl, the breakeven price of the 
investment tax credit was slightly higher than 
that of the increased depletion allowance 
($45.70/bbl), and not significantly less ($2.20) 
than the breakeven price with no incentive. 


Cost to the Government 


For this incentive, the cost to the Govern- 
ment ($87 million) was among the lowest, 
ranking just above accelerated depreciation. 
Compared with the depletion allowance, how- 
ever, the cost of the tax credit would be in- 
curred over a shorter period of time. 


Accelerated Depreciation 


Accelerated depreciation for tax account- 
ing has been discussed by several firms as a 
possible incentive for encouraging develop- 
ment projects. For example, they have sug- 
gested that oil shale investments be deducted 
from income over a period of 5 years instead 
of 10 to 15 years, as is now expected. Some 
firms have even suggested the possibility that 
the entire oil shale investment could be writ- 
ten off in the first year of project operation. 


Accelerated depreciation functions simi- 
larly to an investment tax credit. It provides a 
modest subsidy for development. However, in 


comparison with an investment tax credit, ac- 
celerated depreciation will have a weaker, 
only moderate subsidy effect, which is limited 
by the firm’s marginal income tax rate and 
the interaction of depreciation with depletion 
in tax computation procedures. 


Shortening the period over which invest- 
ment costs may be deducted from pretax in- 
come increases the present value of the tax 
deductions and, thus, will lead to a higher 
return on investment for a project. In addi- 
tion, accelerated depreciation would improve 
cash flow in the early years of a project’s 
operation when firms are often short of cash. 
In effect, the Government pays an increased 
share of the investment cost through reduc- 
tions in income tax liability. The share paid is 
the present value of depreciation deductions 
multiplied by the firm’s Federal income tax 
rate, which thereby sets a ceiling on the sub- 
sidy effect of this incentive. The maximum 
benefit would be obtained with an instantane- 
ous writeoff; in this case, the share paid by 
the Government would be equal to 0.46 multi- 
plied by the cost of the investment (assuming 
46 percent of the firm’s corporate income tax 
rate). 


However, the subsidy effect of accelerated 
depreciation could be limited by the interac- 
tion of depreciation and percentage depletion 
in computing Federal income tax liability. 
Percentage depletion is a deduction from tax- 
able income that is determined as a percent- 
age of gross production revenue in any year. 
However, the maximum deduction for per- 
centage depletion allowed in any year is 50 
percent of net income after subtracting all 
other deductibles allowed by the Internal 
Revenue Code. Such deductibles include de- 
preciation. Thus, increasing the depreciation 
allowance in any year would reduce the in- 
come ceiling on the depletion allowance and 
could reduce the deduction allowed for per- 
centage depletion. In this case, the benefit to 
a firm from accelerated depreciation would 
be somewhat offset by the reduction in the 
tax benefits of percentage depletion. 


Through accelerated depreciation, the 
Government shares in the risk stemming from 
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the uncertainty of investment cost. In effect, 
it pays a percentage share of the investment 
costs of a project, thus reducing their varia- 
tion. It has no effect on the risks stemming 
from the possibility of project failure and the 
uncertainty of production cost and price. 


Accelerated depreciation will improve 
project economics but, by itself, is not suffi- 
cient to facilitate a firm’s access to debt 
markets. It does not provide an asset against 
which firms may borrow. 


Accelerated depreciation has a negative 
effect on economic efficiency.* It interferes 
with the perceived prices of the resource con- 
sumed in oil shale development. Because it 
functions as a capital subsidy, it will favor 
the more capital-intensive technologies. It 
will not affect the production signal provided 
by product price. Moreover, like the invest- 
ment tax credit, accelerated depreciation 
does not function through an easily observ- 
able mechanism (e.g., product price). There- 
fore, it will be relatively difficult for society 
to ascertain the magnitude of the premium it 
is paying to develop domestic oil shale re- 
sources. 


Depreciation, which is familiar in tax ac- 
counting, would probably entail a minimal ad- 
ministrative burden to implement. 


Large, integrated firms with strong finan- 
cial positions will benefit most from this in- 
centive. Their pretax income and tax liabil- 
ities from other business activities are suffi- 
ciently high that the accelerated depreciation 
writeoffs can be taken as they become avail- 
able. In addition, unless the accelerated de- 
preciation is made retroactive, firms that 
have not yet invested in oil shale development 
will have a somewhat stronger preference for 
this incentive than firms that have made in- 
vestments with a longer depreciation sched- 
ule. 


*This assumes that the existing depreciation period is effi- 
cient. In actuality, depreciation probably inefficiently biases 
against capital-intensive projects. Shortening the depreciation 
period reduces some of this bias and hence promotes efficien- 
cy. 
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Expected Profits 


In the simulations, the accelated deprecia- 
tion schedule induced an increase in ex- 
pected profit of $76 million, which was the 
second lowest figure for any incentive tested. 


The effect of accelerated depreciation on 
profitability depends greatly on the tax situa- 
tion of a firm: it will benefit firms with higher 
marginal tax rates more than it will benefit 
those with lower rates. This difference arises 
for two reasons. First, the amount of tax sav- 
ings for a given amount of depreciation is 
directly proportional to a firm’s tax rate. Sec- 
ond, a firm with a high marginal tax rate and 
with other income-producing investments will 
be able to write off the depreciation against 
other income, whereas a firm with a low tax 
rate will be likely to have excess deductions. 
In the latter case, the increased depreciation 
deductions must be carried forward and are 
thus worth less, through discounting, than 
they would be if they could immediately offset 
taxable income. 


The value of this incentive is also affected 
by the discount rate. The effect is slight, 
however, because both the tax writeoff and 
its timing are small. A 3-percentage point in- 
crease in the discount rate produced only a 
10-percent reduction in the change in ex- 
pected profits. 


Risk 


Accelerated depreciation was found to 
have little effect on the risk of oil shale in- 
vestments. In the simulations, the probability 
of incurring a loss did not drop significantly 
nor did the absolute variation in possible 
profit outcomes. Relative to change in ex- 
pected profits, the variation in profit was 
next to the lowest, ranking above the pur- 
chase agreement. 


Breakeven Price 


By analysis, the breakeven price with the 
5-year depreciation incentive was found to be 
$46.00/bbl compared with $48.20/bbl for the 
12-year depreciation. This reduction in 


breakeven price was the smallest of any in- 
centive tested. 


Cost to the Government 


Of the incentives tested, accelerated de- 
preciation is one of the least costly to the 
Government and one of the most cost-effec- 
tive. In the simulations, the net cost to the 
Government was $79 million, and the ratio of 
change in expected profit to the Government 
was 0.96. Moreover, because the incentive is 
granted through the existing tax system, the 
cost of its administration would be negligible. 
(See table 25.) 


Increased Depletion Allowance 


An increased percentage depletion allow- 
ance has been discussed as a possible incen- 
tive for encouraging oil shale development. 
Firms have suggested that the percentage de- 
pletion allowance be increased to 25 or 27 
percent. 


The primary effect of an increased per- 
centage depletion allowance would be to sub- 
sidize the economics of oil shale development. 
Specifically, increasing the depletion allow- 
ance will increase the share of production 
revenues that are shielded from the Federal 
corporate income tax. The depletion allow- 
ance, like a product-price increase, will im- 
prove a firm’s cash flow throughout the pro- 
ducing life of a project. As a result, a firm’s 
return on investment for a project is im- 
proved. 


The depletion allowance might be assumed 
to be as effective an incentive as the produc- 
tion tax credit because both function through 
the price mechanism. However, it has several 
undesirable characteristics as a subsidy. The 
presumptions underlying its use as an incen- 
tive are that oil shale development is uneco- 
nomic and that the increasing (effective) 
product price is the appropriate vehicle for 
its subsidization. 


To be an efficient subsidy through the price 
mechanism, the value of the price subsidy 
should decrease as the product price in- 


Ch. 6—Economic and Financial Considerations © 211 


creases (i.e., as the need for the subsidy 
decreases). However, the percentage deple- 
tion allowance has the reverse effect. As the 
product price increases, the value of the 
price subsidy also increases. Conversely, as 
the product price decreases and the need for 
the subsidy increases, the value of the sub- 
sidy actually decreases. This effect will make 
it impossible to maintain the subsidy at a de- 
sired level. 


In addition to its undesirable subsidy ef- 
fects, the percentage depletion allowance has 
poor risk-sharing characteristics. In fact, it 
increases the risk associated with the uncer- 
tainty about future shale oil prices. Because 
the value of the price subsidy increases with 
the product price, this incentive magnifies the 
effects on a firm of changes in the product 
price. The variance of aftertax income in- 
creases as the percentage depletion allow- 
ance is increased. This incentive does not 
share in the risks either of project failure or 
of the uncertainties of investment and operat- 
ing cost. The depletion allowance will im- 
prove project economics but will not signifi- 
cantly influence a firm’s ability to raise debt. 


The effect of the percentage depletion al- 
lowance on economic efficiency is similar to 
but more adverse than the production tax 
credit. It does not affect the prices of re- 
source inputs. Consequently, resources 
should be combined in an economically effi- 
cient manner and a firm’s preference for spe- 
cific oil shale development technologies 
should not be influenced. However, in effect, 
it alters the price perceived by a firm and 
thus will influence its production and invest- 
ment decisions. Moreover, the contrary man- 
ner in which the subsidy effect increases as 
product price increases will make it difficult 
for the Government to use this incentive to 
promote efficient decisions that reflect the 
social benefits of shale oil production. 


Like accelerated depreciation, percentage 
depletion is a familiar component of the U.S. 
tax code, and would thus be very easy to ap- 
ply. The firms that will benefit most from an 
increased depletion allowance will be those 
having large before-tax income and large tax 


liabilities. Moreover, by inference, firms that 
prefer an increased depletion allowance are 
relatively unconcerned about risk of future 
decreases in product price. Rather, they are 
apparently betting in favor of continued long- 
term increases in the price of imported oil. No 
firm seriously advocates this incentive. (See 
table 24.) 


In analyzing this incentive, an increase in 
the depletion allowance from the current 15 
to 27 percent was assumed. Such an increase 
would be a significantly less effective incen- 
tive than the construction grants, the produc- 
tion tax credit, the low-interest loan, the 
price support, or the purchase agreement. 
Compared with these other incentives, the in- 
creased depletion allowance would result in 
a much smaller gain in expected profits and 
only a slight reduction in the risk of incurring 
a loss. 


Expected Profit 


The increased depletion allowance re- 
sulted in a comparatively modest gain in ex- 
pected profit—$140 million—compared with 
no incentive. Because firms cannot claim 
depletion deductions in excess of 50 percent 
of taxable income, increasing the depletion 
allowance above 27 percent does not result in 
significant additional expected profit. 


For firms with lower marginal tax rates, 
the gain in expected profit would be even 
smaller. In the simulations, for example, the 
$140 million gain in profitability calculated 
using a 46-percent tax rate would be reduced 
to only $70 million if the tax rate were 23 per- 
cent. (See table 26.) 


The effect of an increased depletion allow- 
ance on profitability is also more sensitive to 
the discount rate than any other incentive 
tested. This sensitivity stems from the in- 
crease in the incentive’s value that accompa- 
nies the increase in the real price of oil (and 
hence revenues). Thus, a higher value in later 
years is more sensitive to discounting than a 
value that remains constant over time (as the 
production tax credit does, for example). 
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Risk 


Although a higher depletion allowance ac- 
tually increases the variation in possible prof- 
its, the gain in expected profits results in a 
small reduction in the probability of loss. In 
the simulation the 27-percent depletion allow- 
ance reduced the probability of loss to 0.05, 
compared with 0.09 when no incentive was 
employed. The increase in the variability of 
profit outcome occurs because profits are 
more sensitive to changes in future prices 
with the higher depletion allowance. 


Breakeven Price 


Although the increased depletion allow- 
ance will result in a reduced breakeven price, 
this reduction is likely to be small. In the 
simulations, the breakeven price fell from 
$48.20 to $45.70/bbl. (See table 25.) 


Cost to the Government 


The cost of this incentive to the Govern- 
ment is commensurate with its effect on ex- 
pected profit. In the analysis, the increased 
depletion allowance cost $197 million, which 
makes it the fifth most costly incentive. More- 
over, it is not a cost-effective option since it 
results in the second lowest ratio of change in 
expected profit to Government cost. 


Loan Guarantee 


Under a loan-guarantee incentive, which 
has been frequently discussed in Congress 
and by oil shale developers, the Government 
guarantees to lenders to repay a specified 
portion (e.g., 50 to 70 percent) of the project 
debt if a firm defaults on its debt payments 
because of the economic failure of its oil shale 
project. A loan guarantee would be adminis- 
tered selectively by a Government agency 
without charge or for a fee. Under a fee ar- 
rangement, a firm effectively buys an insur- 
ance contract to guarantee debt repayment. 


A loan guarantee is primarily designed to 
facilitate project financing and, as a result, 
has only a limited subsidy effect on the eco- 


nomics of oil shale development. Indeed, the 
only effect on project economics is to reduce 
the interest rate on debt for firms with low 
bond ratings. Thus, over the life of a project, 
a firm’s debt service obligation will be some- 
what reduced. A loan guarantee will be of lit- 
tle or no value in improving project economics 
for firms with strong balance sheets that can 
borrow at low rates. 


This type of incentive requires the Govern- 
ment to share directly in the risks both of 
project failure and of default by a firm on its 
debt obligations. However, as long as a firm’s 
equity contribution to total project investment 
remains at a reasonable level (e.g., 40 per- 
cent or more), a loan guarantee does not un- 
duly shield a firm from economic loss (i.e., the 
incentive does not introduce moral hazard).* 
In the event of default, the loan guarantee 
does not protect equity owners against loss. 
As a result, it encourages management to 
operate in an economically efficient manner, 
and provides only weak protection from the 
risk of investment cost uncertainty—but only 
if itis for a percentage share of the capital re- 
quired for the project and if the firm can bor- 
row ata lower interest rate than would other- 
wise be possible. A loan guarantee does not 
share in the risks of operating cost and prod- 
uct-price uncertainty. 


Of all the incentives that provide for pri- 
vate lending, it has the strongest effect in im- 
proving the ability of firms with limited debt 
capability to borrow in capital markets. By 
guaranteeing the fulfillment of a specified 
portion of a firm’s obligations, the loan-guar- 
antee program provides an asset that finan- 
cially weaker firms may borrow against. 


Given its limited effects on project econom- 
ics, a loan guarantee has relatively minor ef- 
fects on efficiency. It acts as a capital sub- 
sidy and so may favor more capital-intensive 
technologies. It does, however, improve com- 
petition in oil shale development by removing 
a major barrier to entry for less well-fi- 


*Moral hazard would exist if the guarantee was constructed 
as to eliminate so much corporate risk that project failure is en- 
couraged. 


nanced firms. Enhancement of competition 
may lead to testing a broader set of technol- 
ogies, and in the long run may result in higher 
overall efficiency by reducing production 
costs. 


This incentive will present certain admin- 
istrative problems, even though the Govern- 
ment has previously used loan-guarantee pro- 
grams. A firm’s application must be selective- 
ly reviewed and approved, thus increasing 
the potential for delay. 


The loan-guarantee incentive benefits 
smaller companies with an insufficient asset 
base to back the major debt requirements for 
undertaking an oil shale development project 
(i.e., companies with a limited capability to 
raise debt that would otherwise have to bor- 
row at higher interest rates or be excluded 
from oil shale development). In addition, 
larger companies with a large asset base but 
also large debt (i.e., a high debt/asset ratio) 
may also need guarantees to embark on an oil 
shale project. With the increasing debt/equity 
ratios evident in the petroleum industry, a 
growing number of firms fit this description. 
Those with a strong balance sheet and large 
asset base will not benefit from a loan- 
guarantee program, and for competitive 
reasons may not prefer its implementation. 


Loan guarantees tend to be preferred by 
firms that have limited debt capacity. Superi- 
or Oil backs them in principle, believing that 
they will help some companies obtain financ- 
ing to get their plants started. The Oil Shale 
Corp. (Tosco) reported that it would need 
them to obtain financial backing, and SOHIO 
Natural Resources, a subsidiary enterprise 
with limited debt capability, claims it could 
also take advantage of them. Occidental, a 
considerably larger firm, advocates any and 
all types of loans or loan guarantees, espe- 
cially nonrecourse loans. As would be ex- 
pected, the largest and financially strongest 
companies find loan guarantees less desir- 
able. (See table 24.) 
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Government Participation 


Government participation has been dis- 
cussed as part of several bills being con- 
sidered in Congress. Although it has certain 
fundamental advantages if the primary pur- 
pose of an oil shale incentive program is to 
share risk, it would meet strong resistance on 
ideological grounds, and would be extremely 
difficult to administer. Moreover, it may lead 
to inefficiency in oil shale development and 
production activities. 


A Government participation program is 
based on the assumption that oil shale devel- 
opment is economically sound but has very 
high risks. Because of these risks, private 
firms are assumed to be reluctant to under- 
take projects, or willing to undertake them 
only with the expectation of high profits on 
their investment to cover their risks. Govern- 
ment participation would provide a mecha- 
nism for it to share risks with private firms 
thus encouraging them to commit capital to 
oil shale projects. 


In such a program, the Government would 
provide a specified share of equity. From that 
point on, it would simply be an equity partner 
in the project and would share proportionate- 
ly in any project losses or profits. Depending 
on the terms of its agreement, the Govern- 
ment could either be a silent partner or par- 
ticipate in management decisions. The part- 
nership could be managed through an exist- 
ing agency or a separate, newly formed ad- 
ministrative unit (e.g., the proposed Energy 
Security Corporation). 


Because Government participation is sim- 
ply a joint venture arrangement between the 
Government and private firms, this incentive 
would not provide any significant subsidy to 
oil shale development. It would, however, 
have the strongest effect of all the incentives 
on the sharing of risk between public and pri- 
vate sectors. In this program, the Government 
would share in the risks associated with all 
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project uncertainties in proportion to its per- 
centage ownership in a project. When the 
project showed a loss, the Government would 
lose; when it showed a profit, the Government 
would win. Government participation wculd 
reduce a firm’s exposure to economic loss. At 
the same time, it would decrease the potential 
gains for a firm. That is, the variance in a 
firm’s expected present value of aftertax in- 
come would be proportionately reduced by 
the multiple (1 — SG)’, where SG equals the 
share of Government ownership. 


The extent to which Government participa- 
tion would assist a firm in raising debt will 
depend on the terms of its involvement in a 
project. If the Government does not agree to 
guarantee a firm’s project debt, its participa- 
tion would have little effect on the firm’s 
ability to borrow. Debt-financing support 
would still come from the firm’s own asset 
structure. Alternatively, if the Government 
provided a share of project debt or guaran- 
teed a share of project debt, a firm’s debt re- 
quirements would be reduced, and loans 
could be more easily acquired. 


A Government participation program 
would have essentially neutral effects on the 
economic efficiency of private sector invest- 
ment and operating decisions. By simply cre- 
ating a partnership or joint venture, the in- 
centive neither changes cost or prices, nor 
provides a project subsidy.* The primary ef- 
fect of this incentive on economic efficiency 
would be to reduce the effects of private sec- 
tor risk aversion. However, economic effi- 
ciency may decrease if the Government de- 
cides to operate as an active partner in oil 
shale development projects. Efficiency would 
be reduced if Government participation, as a 
result of inexperience or bureaucratic inter- 
ference, contributed to inefficient managerial 
decisions. 


A Government participation program 
would entail the greatest administrative bur- 
den of all incentives. A new Government bu- 
reaucracy would probably have to be created 


*In theory, a Government participation program would be 
combined with a block grant program to achieve a highly effec- 
tive subsidy and risk-sharing incentive program. 


to manage the program, with the likelihood of 
lengthy delays in getting the program to oper- 
ate effectively. 


OTA’s analysis indicates that Government 
participation would most benefit firms that 
are relatively risk-averse, thus unable to fi- 
nance an oil shale development project alone. 
However, because private firms may join to- 
gether in partnerships, there may be no in- 
centive for them to enter a joint venture with 
the Government as an active partner. If the 
Government adopted a silent-partner role, 
however, a firm could take full managerial re- 
sponsibility for a project, while still receiving 
the risk-sharing and financial benefits of the 
joint venture. Such an arrangement is not 
usually possible with any other private part- 
ner. 


All firms except one oppose the Govern- 
ment participation incentive, primarily be- 
cause of their fears of bureaucratic ineffi- 
ciencies, of support of one technology to the 
exclusion of another, and of administrative 
problems. The only advocate, SOHIO, has 
sought $15 million in Government appropria- 
tions to help fund its already approved full- 
sized module program. 


The Government could also contract for the 
construction of several modular plants it 
would then operate, either alone or through 
contracts. It could thus conduct operations to 
obtain accurate information about technical 
feasibility, project economics, and the rela- 
tive merits of different processes. This would 
be of assistance in evaluating its future pol- 
icies toward oil shale, in disseminating tech- 
nical information, and in improving its under- 
standing of the value of its oil shale re- 
sources. After enough information had been 
obtained, the facility could be scrapped or 
sold to a private operator. This policy would 
provide the Government with information and 
experience. However, the cost would be much 
higher than that of incentives to private de- 
velopers. 


Considering that the technologies to be 
tested are proprietary, it is by no means clear 
that the Government would have the legal 


right to publish all of the information. In addi- 
tion, its experience in designing, financing, 
managing, and obtaining permits for an oil 
shale plant may not resemble that of private 
industry. Thus, the information acquired may 
be cf little use to subsequent private devel- 
opers. 


Most of the information secured through 
Government ownership could be made avail- 
able as a condition of granting financial in- 
centives to private firms. Furthermore, this 
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kind of Gevernment intervention is likely to 
discourage private developers from under- 
taking their own modular development and 
R&D programs. Government programs of this 
kind tend to reduce the benefits that a par- 
ticular firm could obtain from R&D or modu- 
lar testing. Finally, the information argument 
tends to disregard the fact that patented and 
licensed technologies make definite provision 
for the dissemination of technical information 
on both gratis and fee terms to possible users 
of a process. 


Government Ownership Versus Incentives for Private Development 


Several factors favor incentives for private 
development. One is the amount and timing of 
Government financial support. With Govern- 
ment ownership, Treasury funds would be 
used to supply front-end money during the 
construction period. This would involve very 
large initial outlays. With private ownership, 
incentives such as loan guarantees, purchase 
agreements, and production tax credits 
would reduce and delay budget outlays much 
more than would be possible with Govern- 
ment ownership. Furthermore, Government 
expenditures would be spread over the life of 
the project. Only the failure of a project in- 
sured by a debt guarantee would obligate the 
Government for more than a small fraction of 
plant cost. As noted previously, fee-based 
guarantees would reduce this risk. 


Another factor favoring private develop- 
ment is that limited incentives would encour- 
age more efficient operation by leaving mana- 
gerial and cost risk intact. Cost-plus contract- 
ing for a Government-owned facility could not 


be expected to encourage efficiency. Incen- 
tives must be limited, however, because man- 
agement efficiency would decline under high 
levels of Government subsidy. 


A final factor is that private ownership 
and operation would develop industrial ex- 
perience in designing, licensing, financing, 
building, and running an oil shale plant. Gov- 
ernment ownership may not realistically sim- 
ulate industrial experience. The regulatory, 
financing, litigation, and managerial experi- 
ences encountered by Government are usual- 
ly much different from those of industry. 


Constructing an oil shale plant requires 
committing major physical and financial re- 
sources that would become unavailable for 
other purposes. Under the private option, 
funding would be diverted from alternative 
private investments and consumption. The 
Government option would, in the absence of 
higher taxes or funding through revenue 
bonds, either raise the Federal deficit or 
withdraw funds from other programs. 


Which Incentives Are Most Efficient and Effective? 


As the above discussion of alternative fi- 
nancial incentives indicates, there is no single 
“best’’ subsidy. Firms in different circum- 
stances will tend to require different kinds of 
incentives to avert the risks that prevent 
them from undertaking commercial oper- 


ations. In general, all incentive programs 
must be properly administered in order to be 
effective. This is particularly true of nontax 
subsidies such as low-interest loans, debt 
guarantees, price supports, and purchase 
agreements. These entail much greater ad- 
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ministrative involvement than do tax credits, 
accelerated depreciation, or increased deple- 
tion allowances. The absence of close super- 
vision of nontax incentives can lead to over- 
subsidizing developers. On the other hand, 
the creation of bureaucractic mechanisms 
that are extremely time-consuming and com- 
plicated, or which make the acquisition of the 
subsidy or its level dependent on future 
events that the developer cannot foresee, will 
radically reduce the subsidy effect of the in- 
centives. 


OTA has concluded that production tax 
credits, purchase agreements, and price sup- 
ports are the most viable subsidy mechanisms 


to employ if the Government decides it is 
necessary to provide financial incentives. 
The subsidy effect of the purchase agreement 
and price support incentives are relatively 
low for the contract price ($55/bbl), which 
was computer simulated in the present anal- 
ysis. This should not detract from the qualita- 
tive merits of these incentives. Furthermore, 
this analysis indicates that either loan guar- 
antees or low-interest loans will be necessary 
to ensure significant participation by smaller 
or even moderately sized firms. The high cost 
of providing low-interest loans suggests that 
debt guarantees would be the best mecha- 
nism through which to ensure this partic- 
ipation. 


Are Financial Incentives Needed? 


The rationale for providing financial incen- 
tives is that hastening the commercialization 
of oil shale technologies, which although not 
immediately viable would probably be capa- 
ble of commercialization at a later date, 
serves the long-run economic and national in- 
terests of the United States. The assumptions 
underlying this argument are that capital re- 
quirements, remaining technical uncertain- 
ties, risk of cost overruns, unstable regula- 
tory environments, and uncertainties about 
present or future profitable marketability in- 
dicate to developers that their capital would 
be more profitably employed in alternative in- 
vestments. An incentive or subsidy alters the 
economics of commercial production by at- 
tempting to either sufficiently reduce the risk 
or raise the profitability to encourage devel- 
opment. 


Whether and to what extent oil shale de- 
velopment will require subsidization depends 
on the present and anticipated future rela- 
tionship between oil prices and the cost of 
producing shale oil. Expectations concerning 
these future trends involve a consideration of 
such factors as: the developer’s confidence in 
the accuracy of shale oil plant cost estimates, 
world petroleum demand, OPEC cartel pric- 
ing decisions, the political stability of foreign 
oil supply, and the rate of profit a company 


requires to justify its investment relative to 
alternatives. 


Assuming that developers have some confi- 
dence in their present estimates of plant 
costs, and that these estimates contain con- 
tingencies for regulatory delay and environ- 
mental litigation, then the primary considera- 
tion becomes the ability to market at an ac- 
ceptable rate of return. Developers base their 
evaluation of marketing potential on the re- 
quired rate of return and the feasibility of ob- 
taining this return given the price of compet- 
ing OPEC crude. Until very recently, it was 
accepted that the commercialization of shale 
oil would require some form of subsidy. 


In narrow economic terms it is no longer 
clear that shale oil requires subsidy to com- 
pete profitably with conventional petroleum. 
Price hikes during the end of 1979 and the 
beginning of 1980 have increased average 
posted spot prices for foreign and domestic 
crudes by more than 30 percent. Wyoming 
Sweet and the best grades of North African 
crude now have posted prices of between $34 
and $38/bbl. The spot-market prices for these 
oils are between $40 and $50/bbl. 


If it is assumed that developers require no 
more than a 12-percent real return on their 
investment, and that current capital and 
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operating cost estimates are reliable, then 
shale oil could probably be produced and 
marketed profitably without subsidy. Pre- 
dicted decreases in next year’s OPEC exports 
(3 million bbl/d) along with the expectation of 
continued real price increases of at least 3 
percent per year, reinforce the belief that the 
market outlook for shale oil will continue to 
improve in the future. However, ruling out the 
need for financial incentives would be unwise 
for several reasons. 


First, the present competitiveness of shale 
oil assumes realistic capital and operating 
cost estimates. For the reasons discussed 
earlier in this chapter, this is still a risky 
assumption, and construction and operating 
costs are still escalating. Since a commercial 
or modular facility has never been con- 
structed or operated, scaling-up the technol- 
ogy will almost certainly add hitherto unfore- 
seen costs as technical problems—even mi- 
nor ones—are encountered. If it takes place 
in the context of commercializing or deploy- 
ing a large number of synthetic fuel plants, 
the shortage of already scarce equipment 
such as valves, compressors, and heat ex- 
changers can be expected to further inflate 
construction costs. World oil price increases 
in excess of the 3- or 4-percent real annual 
growth assumed by developers would push 
construction costs up still further. 


Second, the present competitiveness of 
shale oil assumes that developers are willing 
and able to accept an anticipated real dis- 
count rate (i.e., rate of profit) of 10 or 12 per- 
cent on an inherently risky investment. Given 
the nature of the risk, it is questionable 
whether developers would be willing to un- 
dertake the investment at this rate. 


Finally, shale oil’s emerging competitive- 
ness is related to recent oil price increases. If 
these increases contribute to recession in the 
industrialized West, petroleum demand can 
be expected to decline. This could reduce 
prices in real terms, thus reducing the com- 
petitiveness of shale oil. In the longer term, 
however, it should move to parity with con- 
ventional crude as a result of dwindling oil re- 
serves. However, shorter term price declines 
could take place as they did during the years 
immediately following the oil embargo of 1973 
to 1974. 


In the consideration of appropriate incen- 
tives, this relative change in the competitive- 
ness of shale oil implies that emphasis should 
be placed on the desirability of incentives 
that help with financing, while reducing the 
risk of extreme OPEC selling price reductions 
in real terms. Debt guarantees, price sup- 
ports, and purchase agreements are most 
likely to provide such assistance. 


Economic and Budgetary Impacts 


The economic and budgetary impacts of oil 
shale development will depend on the produc- 
tion levels and speed with which they are 
met. Low production levels are unlikely to 
have significant effects on Government 
spending, on the national rate of inflation, on 
the level of national employment, or on the 
cost and availability of capital. To examine 
these impacts, four growth-related produc- 
tion scenarios were prepared that distinguish 
shale oil development by both the anticipated 
level of production and the required degree of 
Federal involvement. The rationales, the 
technical descriptions of the envisioned 
facilities, and the analytic assumptions of 
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these scenarios are discussed in detail in 
chapter 3. Briefly, the scenarios are: 


Production target in bbl/d of 


Scenario oil by 1990 
EW ar es Pe Nes Relates ee Pe fetes 100,000 
IRE? 3 Af, hates PAAR OFS 200,000 
STUN ro doch cS ORO COE Cee Coe Roca 400,000 
OS Soci soo Giga. kee ORS kee 1,000,000 


Industry Costs 


A standard commercial oil shale facility is 
conventionally described as one that would 
produce 50,000 bbi/d, with an on-stream 
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operating factor of 90 percent, or 329 days 
per year. Such a facility would actually con- 
sist of a series of integrated modular retorts 
(normally five or six) each with a capacity of 
between 8,000 and 12,000 bbl/d. No single 
plant is likely to produce exactly 50,000 bbl/d. 
At present, the plans of the Colony operators 
call for a commercial facility with a 45,000- 
bbl/d capacity, tract C-b is projected to pro- 
duce 57,000 bbl/d, a 76,000-bbl/d plant is pro- 
jected for tract C-a, Union Oil’s ultimate in- 
tention is to build a facility with a capacity in 
excess of 75,000 bbl/d, and Superior and Geo- 
kinetics expect to operate commercially prof- 
itable plants with small production capaci- 
ties—11,500 bbl/d and 2,000 bbl/d, respec- 
tively. 


Determining the most efficient and cost-ef- 
fective size for a commercial plant depends 
on the amount, quality, and accessibility of 
the shale resource on the tract, the method of 
mining, the type of retorting technology, and a 
variety of other factors that affect the cost of 
shale extraction, transportation, waste dis- 
posal, and refining. 


Current capital cost estimates for a 50,000- 
bbl/d commercial-sized oil shale plant range 
between $1.4 billion and $1.7 billion. In gen- 
eral, these plants are expected to represent 
an approximately 20-percent economy of 
scale in comparison with smaller (e.g., 9,000 
to 12,000 bbl/d) modular plants. A very large 
commercial facility of 100,000 bbl/d might 
represent a 10- to 15-percent economy of 
scale relative to a 50,000-bbl/d operation. 
Whether and to what extent these economies 
would actually be obtained would depend on 
the particular properties of the development 
site, the mining techniques used, the technol- 
ogy adopted, and how efficiently the projects 
in question were managed. 


The estimated costs of industries of differ- 
ent sizes are presented below. These esti- 
mates assume a 30:70 ratio of debt to equity. 
They include the cost of hydrotreating and 
upgrading to premium crude quality and mi- 
nor transportation costs. They do not include 
the cost of major pipeline construction or unit 
train costs for transportation out of Uinta or 


Piceance Basins. Estimates are in third- 
quarter 1979 dollars and assume a 5-year 
construction period for each plant. 


Scenario 1 Scenario 2 Scenario 3 Scenario 4 


In billions 100,000 200,000 400,000 1,000,000 

of dollars bbl/d bbl/d bbl/d bbl/d 

Loanssnchs. ios! 0.9-1.35. 1:8-2.6 «3.6- 4.2) (9.0-13:5 

Koulty. tain 221-3:15...4.2-5.9.5 6.4-10.8021 8318 
otal caveat 3.0-4.5 6.0-8.5 12.0-14.0 30.0-45.0 

Maximum 

aire eee 0.6-0.9 1.21.7. 2.42.0") GAP 


Given current estimates, an industry of 1 
million bbl/d would cost roughly $30 billion in 
third-quarter 1979 dollars. But these esti- 
mates are unlikely to be completely accurate. 
Real cost escalations of 10 to 20 percent 
would not be unexpected under the best of 
circumstances. More importantly, if 1 million 
bbl/d are deployed over a 10-year period, 
capital cost increases for plant construction 
are inevitable. Under such circumstances, 
the demand for skilled labor, for pollution 
control equipment, for valves, for mining 
equipment, for compressors, for heat ex- 
changers, and for other needed equipment 
will completely outstrip supply. The conse- 
quences would be large price increases for 
these goods and services as well as construc- 
tion delays. Hyperinflation of the costs of re- 
quired goods and services, equipment short- 
ages, and consequent construction delays 
could easily inflate total capital costs for fa- 
cilities by 30 to 50 percent in real terms. 
Therefore, the costs of this scenario could 
easily reach $45 billion. 


Cost to the Government 


Each of the scenarios decribed above as- 
sumes a different extent of Federal involve- 
ment in the industrialization of oil shale. The 
scenarios differ from each other in the 
amount of the target production and the de- 
gree of governmental cost and financial expo- 
sure. The cost to the Treasury is, in turn, de- 
termined by the type and magnitude of the in- 
centives that are provided. Those that have 
been evaluated in this assessment vary sub- 
stantially in the amount and kind of risk that 
they avert for the developer. They also vary 


with respect to their overall impact on project 
economics and potential company profits. 


In general, the incentives considered entail 
costs to the Government that are directly re- 
lated to their impact on a firm’s expected 
profits. (See tables 25 and 26.) That is, sub- 
sidy costs to the Treasury are closely corre- 
lated with their influence on overall project 
economics. However, the relation between 
the effect of incentives on a firm’s profits and 
the cost of the incentives to the Government is 
not exactly linear. Some subsidies clearly 
provide more financial encouragement with 
less governmental cost and exposure than 
others. The real cost to the Government is de- 
termined by: 1) the gross cost of the subsidy, 
2) the amount of increased tax payments due 
to additional production, 3) the Government’s 
assumed discount rate (what it is assumed 
could be gotten if the capital were employed 
elsewhere), 4) the timing of the Government’s 
payment of the incentive, and 5) the timing of 
a developer tax or other payback to the Gov- 
ernment. 


Calculating the cost of incentives to the 
Government is complicated by the difficulty 
in determining the first three of these factors. 
For example, the gross cost of the subsidy 
(i.e., the size of the offered subsidy) is hard to 
predict for several of the incentives. The 
number of production tax credits that might 
be taken by developers is not entirely predict- 
able, nor is the extent of the financial obliga- 
tion that the Government might incur under 
debt insurance or guarantee programs. The 
number of takers for price supports could 
vary substantially depending on how they 
were constructed, on the support price level, 
and on future shale oil market conditions. 


The amount of increased tax payment that 
particular incentives might generate is also 
difficult to predict. This is because the effec- 
tive tax rate that firms pay on production 
varies according to the circumstances of the 
corporation in question. The range is poten- 
tially from O to 46 percent on Federal taxes. 


Finally, the calculation of these costs 
assumes that the Government's discount rate 
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is known, and that the tax generation ability 
of alternative Government uses of the moneys 
is also known. Since there is considerable 
disagreement among economists over the as- 
sumption of what the Government discount 
rate should be, some uncertainty is intro- 
duced into the calculation. These calculations 
assume a Government discount rate of 10 per- 
cent, which is the rate suggested by OMB. 


Given these difficulties, the reported costs 
to the Government of providing the incentives 
should be viewed as illustrative of the prob- 
able average cost of providing the incentive to 
a number of developers. It should also be re- 
membered that these estimates do not include 
the administrative cost_of overseeing the in- 
centive. Several percent could be added to 
the cost of the incentive, in the cases of debt 
guarantees, purchase agreements, block 
grants, and low-interest loans. The costs to 
the Government reported in this chapter 
would apply only to first-generation facilities. 
Subsequent plants would probably require 
less governmental involvement and _ thus 
lower governmental costs. If the incentives in- 
cluded fade-out provisions as oil prices rose 
in real terms and shale oil became more com- 
petitive, then the Government’s costs would 
also fall substantially for later plants—if the 
price of world oil continues to rise faster than 
the cost of building and operating shale oil 
facilities. 


In this chapter, the cost to the Government 
of providing an incentive is the gross subsidy 
to the firm less increased tax payments to the 
Government. This cost was calculated in 
present value terms. The net cost for each 
year (i.e., the subsidy less tax revenues) was 
discounted at the Government’s discount rate 
(i.e., 10 percent). The resulting present value 
calculations were summed for all years. The 
nature of the Government cost calculations is 
described in greater detail in appendix A. 


Scenario 1: 100,000 bbl/d by 1990.—OTA's 
analysis indicates that the production of 
100,000 bbl/d by 1990 will probably take 
place without further subsidy beyond the gen- 
eral purpose tax credits that are currently 
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available to any industrial or energy devel- 
oper. Consequently, this scenario would not 
require any additional cost to the Govern- 
ment. 


Scenario 2: 200,000 bbl/d by 1990.—The 
cost to the Government of subsidizing the 
200,000 bbl/d envisioned in this scenario 
would depend, in part, on which incentives 
are used to stimulate production. As is shown 
in table 25, the estimated cost to the Govern- 
ment of subsidizing a 50,000-bbl/d plant will 
depend on the incentives chosen. If the Gov- 
ernment chose to provide only one of the in- 
centives considered in this chapter, then its 
costs would vary between approximately $0 
and $494 million in 1979 dollars. However, 
this range should be adjusted in several 
ways. First, the construction grant subsidies 
are so costly and politically unpopular that 
they should probably be dropped from consid- 
eration. Second, although the purchase 
agreement is a powerful incentive in theory, 
its impact when set at $55/bbl over the life of 
the project is too low to have a significant in- 
fluence on project economics. Consequently, 
it should also be dropped from consideration. 


Each of the remaining subsidies would 
yield substantial profits if a 12-percent dis- 
count rate is assumed. Although all but the 
low-interest loan will still yield a relatively 
small loss if a 15-percent discount rate is 
assumed, this is offset by the fact that the 
present calculations assumed a 1-year con- 
struction delay. The cost of this delay is $117 
million. If such a delay does not take place, 
then all of the incentives except the purchase 
agreement will provide a small profit (or 
small loss) in addition to the 15-percent dis- 
count rate (return on investment). 


Thus, the cost of spurring the construction 
of a 50,000-bbl/d plant with the use of a single 
subsidy would be between approximately 
$100 million and $400 million over the life of 
the project. Therefore, the cost to the Govern- 
ment of stimulating the production of 200,000 
bbl/d would be between $400 million and $1.6 
billion. 


If it were certain that any of the incentives 
included in these ranges would induce the 
desired level of production, the least costly 
subsidy would be the best choice from the 
Government’s perspective. Unfortunately, 
this is not necessarily the case. As discussed 
previously the particular corporate and fi- 
nancial circumstances of individual devel- 
opers vary widely with respect to the specific 
risks that they need or wish to avert. There- 
fore, their incentive needs may be quite dif- 
ferent. Some firms may find it difficult to use 
tax credits. Others may be too small or weak 
financially to take advantage of price sup- 
ports or purchase agreements. Instead, they 
require some kind of financing subsidy such 
as a low-interest loan or debt guarantee. 
Some form of choice among possible incen- 
tives is probably necessary in view of these 
differences. 


If the Government provided a choice among 
possible incentives, then the cost of financing 
this scenario would probably be between $1.2 
billion and $1.4 billion in 1979 dollars. 


Scenario 3: 400,000 bbl/d by 1990.—On 
the basis of the same assumptions that were 
used in the second scenario, the cost to the 
Government of providing a single incentive 
would be between $800 million and $3.2 bil- 
lion in 1979 dollars. If developers were given 
their choice among the incentives, then the 
cost to the Government to stimulate this level 
of production would be between $2.8 billion 
and $3.2 billion in 1979 dollars. 


Scenario 4: 1 million bbl/d by 1990.—The 
costs to the Government discussed below as- 
sume that almost all of this production would 
take place with incentives to private industry 
rather than through direct Government own- 
ership. However, since the list of incentives 
being considered includes both a 33- and 50- 
percent construction grant, the following 
analysis captures the financial consequences 
of Government participation. It also assumes 
that an effort to deploy the industry by 1990 
would put enormous strain on U.S. manufac- 
turing capacity (e.g., valves, heat exchangers, 
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pressure vessels, and mining equipment), or 
architectural-engineering schedules, and on 
the reservoir of skilled workers. This would 
delay construction timetables and produce 
sizable cost overruns. The precise amount of 
these overruns cannot be predicted. 


Conversations with representatives of in- 
dustry and major construction firms, plus an 
examination of the available literature, sug- 
gest that such cost escalations could easily 
reach or exceed 50 percent of the original 
estimates. The calculations for the total 
capital cost of this scenario include this 
assumption. It is difficult to predict the effect 
that such overall cost increases would have 
on the cost of Government subsidies, since a 
large part of the increases would be ab- 
sorbed by the developers. Increases in the 
total capital costs of the target production 
would not translate directly into higher gov- 
ernmental costs, but would more likely re- 
duce overall production because of project 
failures. How much the Government’s costs 
escalated would be sensitive to the particular 
incentives used. They would also be affected 
by the degree to which hyperinflation of over- 
all plant costs and resulting project failures 
reduced tax receipts. 


In order to stimulate sufficient developer 
commitment to stand a chance of meeting the 
production target, firms would have to be 
allowed to choose the incentive that benefited 
them most. In which case, the total direct cost 
to Government would probably be between $6 


billion and $7 billion. However, it is likely that 
project failures and construction delays 
would prevent the production target from 
being met. Consequently, the above estimate 
of cost to the Government would be more like- 
ly to represent a production in 1990 of 
500,000 to 750,000 bbli/d rather than the full 
1 million bbl/d. 


It should be noted that the above calcula- 
tions do not include necessary administrative 
costs nor do they capture all of the costs of 
additional refineries, piping, and transporta- 
tion facilities that would be required for the 
third and particularly the fourth scenarios. 
The estimates are in present value terms and 
do not represent, except for the block grants, 
payment by the Government of a single lump 
sum. All the other incentives would allow 
phased expenditures over a number of years, 
thus, limiting the Government's financial obli- 
gations during any one year. Most important- 
ly, the calculations use OMB’s 10-percent dis- 
count rate, and assume that the gross amount 
of the subsidies would be used in some equal- 
ly productive manner if it was not spent on oil 
shale. Assuming alternatively that these 
moneys were used less productively, then the 
real cost to the Government of the subsidies 
would fall substantially. For instance, the net 
cost to the Government of providing the low- 
interest loan would be $453 million if a 
Government discount rate of 10 percent is 
assumed. The cost would be $201 million if a 
5-percent discount rate is assumed. 


Capital Market Impacts and Financial Feasibility 


The capital outlays needed to develop a siz- 
able shale oil production capacity are im- 
mense, e.g., $30 billion to $45 billion for just a 
1-million-bbl/d capacity. This has led many to 
question the financial feasibility of private 
sector development and to argue that Govern- 
ment financial guarantees and/or direct Gov- 
ernment participation are mandatory if there 
is to be significant shale oil production capac- 
ity by 1990 or even by 2000. Still others have 
asserted that even if the Government ensures 


the necessary financing, its achievement 
would mean severe distortions of the capital 
markets, namely: 1) a significant increase in 
capital costs (interest rates and required 
return on equity), which would reduce other 
business investment and 2) distortions in par- 
ticular economic segments such as housing, 
due to high interest rates and the ‘‘crowding 
out’’ of mortgage financing. Yet proponents of 
shale oil development argue that there are 
significant long-run benefits to be gained. 
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These include capital market benefits in 
terms of balance of payments, of inflation, 
and of strength of the U.S. dollar. 


Concerns 


There is a clear need to address systemati- 
cally the financial and economic issues of 
shale oil financing. Thus, it is necessary to 
consider: 1) the level of required financing 
associated with alternative rates of shale oil 
development, 2) the financial feasibility, 3) 
the capital market impact in aggregate and 
on particular capital market segments, 4) fi- 
nancial aspects of Government policy alter- 
natives, and 5) the impact of shale oil on the 
balance of payments, on inflation, on the 
strength of the U.S. dollar, and on tax reve- 
nues. 


Scenario Framework 


The development envisioned in either sce- 
nario 1 or 2 would not entail significant 
capital outlays. Thus these scenarios do not 
involve issues of financial feasibility and 
capital market distortions. Financial-econom- 
ic considerations would, however, cause vari- 
ations to scenario 3 (pioneer commercial in- 
dustry) and scenario 4 (aggressive develop- 
ment). Two concerns within each scenario 
are: the effects of delays and cost overruns 
and variations in the timing of development. 


Delays and cost overruns.—In the absence 
of delays and cost overruns, it was assumed 
that the prototypical plant would take 5 years 
to build and cost $1.5 billion in 1979 dollars 
(the upper end of current estimates for room- 
and-pillar mining with surface retorting). To 
assess the effect of delays and cost overruns, 
an adverse variation was considered to be a 
2-year delay and a $600 million overrun. 


Alternative plant initiation schedules.— 
There are several ways to reach a target lev- 
el for a given production capacity by 1990. 
One is to initiate the necessary capacity at a 
uniform rate, and stop adding capacity in 
1985 to reflect the 5 years from initiation to 
completion. Another is to add plants at a uni- 


form rate, for example, 100,000-bbl/d capac- 
ity (two prototypical plants) per year in sce- 
nario 3 and 200,000-bbl/d (four prototypical 
plants) in scenario 4. Third and more realistic 
is to gradually build up the development rate 
from current levels to a target level of capaci- 
ty additions. For each scenario, figure 52 
shows the combinations of delay-overrun var- 
iations and capacity addition variations. 


Figure 52.—A Summary of Variations 
in Each Scenario 
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Peak Financing Requirement 


While the total capital outlay to put a shale 
oil industry in place may suggest financial in- 
feasibility and the possibility of severe distor- 
tions in the capital markets, it is critical to 
recognize that the total is spread over a num- 
ber of years. Moreover, once there is signifi- 
cant capacity in place, much of the cash gen- 
eration is available to finance further 
growth, so that even a growing capacity be- 
comes ‘“‘self-financing’’ at some point. 


The key issue of aggregate financial feasi- 
bility and capital market impact is the peak 
annual financing requirement. The annual fi- 
nancing requirements for various scenario 


variations* are plotted in figure 53. The peak 
financing requirements are summarized in 
table 27. 


Scenario 3.—The peak annual financing 
requirement would be no more than $3 billion 
(1980 dollars) for a uniform addition of 
100,000-bbl/d capacity per year with no de- 


*For more details on the scenario variations, the cost and 
revenue assumptions, the simulation methodology, and a de- 
tailed case-by-case development of the cash flows, see Bernell 
K. Stone, Shale Oil Financing: An Assessment of Financing Re- 
quirements, Capital Market Impact, Financial Feasibility and 
Financial Aspects of Policy Alternatives. 
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lays and overruns. It would be no more than 
$4.2 billion for the delay-overrun variation. 


Scenario 4.—The peak annual financing 
requirement would be no more than $6.0 bil- 
lion for a uniform addition of 200,000-bbl/d 
capacity per year with no delays and over- 
runs. It would be no more than $8.4 billion for 
the delay-overrun variation. 


The use of the phrase ‘“‘no more than”’ in 
the paragraph above reflects the fact that 
very conservative assumptions about cost 
and cash flow were used in each scenario in 
order to make certain that peak financing re- 
quirements are not understated. 


Figure 53.—Year-by-Year Financing in Billions for Various Scenarios 
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Table 27.—Peak Financing for Each Scenario (billions of dollars) 


Version No delay or overrun Delay and overrun 
Scenario 3 

Uniformto1985....... $3.00 $3.00 
WINTORM Sane eke Sema 3.00 4.20 
Gradual buildup ....... 2.40 3.90 
Scenario 4 

Uniformto1985....... 6.00 6.00 
Wilh coe. see omc 6.00 8.40 
Gradual buildup ....... 4.95 (239 


SOURCE: Office of Technology Assessment. 


Aggregate Financial Feasibility 


There is no significant problem of aggre- 
gate financial feasibility. Assuming that the 
current rate of domestic business capital in- 
vestment grows at a conservative rate of 4 
percent into the mid-1980’s at the time of the 
peak financing requirement, the $6 billion 
would be less than 3 percent of total domestic 
business investment and the $8.4 billion 
would be less than 4 percent.* 


While a figure of $6 billion to $8 billion 
sounds like a large annual outlay, 3 to 4 per- 
cent of net domestic business investment 
should cause no significant financial distor- 
tions in terms of interest rate shifts or capital 
market flows. This amount is well within the 
normal year-to-year fluctuation in domestic 
business investment, and a small fraction of 
year-to-year shifts in net domestic savings. 
Likewise, it is within normal shifts in capital 
flows from abroad. In fact, the international 
capital markets are now recycling many 
times this amount of petrodollars. Finally, it is 
a small fraction of the total annual mortgage 
financing market, where mortgage refinanc- 
ing intermediaries annually recycle tens of 
billions. Moreover, the experience of the past 
3 years has shown that thrift institutions can 
compete for funds at times of high interest 
rates when rate ceilings are lifted. Hence, 


*The annual rate of business expenditures for new plant and 
equipment in 1979 is $174 billion ($180 billion seasonally ad- 
justed annual rate in the fourth quarter). Hence, by the time of 
peak financing in the mid-1980’s, business expenditures for 
new plant and equipment should be well over $225 billion with 
4-percent annual growth. 


this level of financing should cause no signifi- 
cant distortion of the housing industry. 


The capital flows are well within the finan- 
cial capacity of the major petroleum compa- 
nies. For instance, EXXON has announced a 
$6.5 billion capital investment plan for 1980. 
A survey of the 1979 annual reports of the 18 
major integrated oil companies indicates cap- 
ital investment programs exceeding $50 bil- 
lion per year. Moreover, cases such as the 
SOHIO financing of its Prudhoe Bay develop- 
ment, and its share of the Alaskan pipeline, 
indicate an ability for private enterprises 
with limited financial capacity to put together 
creative financing packages without Govern- 
ment assistance, when there are promising 
investment opportunities. 


Hence, not only is there no aggregate prob- 
lem of capital market capacity or distortion, 
but there is also no significant problem of ca- 
pacity or feasibility for the private sector to 
provide financing as long as shale oil is a 
profitable investment. 


A Caveat 


The analysis above has looked at an ag- 
gressive development scenario in a clearly 
worst case for financial requirements and 
found no significant problem. However, it has 
ignored other possible sources of significant 
additional financing. Were shale oil financing 
to be only one of several Government-sup- 
ported projects, each with comparable peak 
financing requirements in the mid-to-late 


1980’s, then there is a potential problem in 
the sense of crowding out other domestic in- 
vestment, distorting particular markets such 
as housing, or significantly increasing inter- 
est rates necessary to induce domestic saving 
and/or investment capital from abroad. 
While consideration of financing induced by 
other Government programs is beyond the 
scope of this report, this possibility must 
clearly be recognized, and an overall finan- 
cial impact assessment made. 


Finance Mix 


Thus far the analysis has focused on the 
total peak financing and secondary financial 
effects. In general, the capital markets are 
very efficient at shifting funds between capi- 
tal market segments. Therefore, the major 
macro impact depends on the amount of over- 
all financing regardless of the particular mix. 
Nevertheless, there are mix issues, especially 
capacity to provide new equity and ability to 
support debt without guarantees. 


The investment tax credit implies that the 
Federal Government automatically provides 
up to 20 percent of the total investment.* A 
scenario of further Government support of 
development cost beyond the investment tax 
credit could be an additional 20 percent for a 
total Government share of 40 percent. These 
two cases are summarized in table 28 assum- 
ing the remainder is 50-percent debt and 50- 
percent equity. The actual share of debt in 
the total financing is less, namely 40 percent 
and 30 percent respectively. 


Table 28 shows strikingly that there should 
be no financing problem for the major oil com- 
panies. Both current earnings and retained 
earnings (earnings after dividends) are many 
times this amount for the 18 largest compa- 
nies. 


Debt capacity of the major oil companies is 
also more than adequate. Even if peak needs 
*The use of 20 percent here assumes that the extra 10-per- 


cent investment tax credit continues. Otherwise, this figure 
will drop to 10 percent. 
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Table 28.—Finance Mix 


Government sharing 


Current investment of construction 


tax credit only costs: 20% 
Percent $billions Percent $billions 
Government.......... 20 1.6 40 Ste 
Privatedebt.......... 40 Ore 30 2.4 
PrivateleGuilVen ene enae 40 ne 30 2.4 
otal Saree, bre: 100 8.0 100 8.0 


SOURCE: Office of Technology Assessment. 


were to persist for 10 years ($32 billion), the 
current debt capacity would tolerate such 
amounts in terms of debt-equity ratios and in- 
terest coverage. Hence, for the overall energy 
industry, there is no significant problem of 
providing either debt or equity, assuming that 
the equity is primarily from retained earn- 
ings. 


Smaller Companies and New Equity 


For smaller companies, the financing bur- 
dens can be formidable. Likewise, the magni- 
tude of equity financing for a single commer- 
cial facility is onerous. The new equity mar- 
ket is not likely to provide significant venture 
capital for new enterprises or small compa- 
nies in this area. Without Government assist- 
ance, a small company can participate only 
via joint ventures. However, this limitation is 
not unique to shale oil. Small companies can- 
not generally undertake billion dollar capital 
investments in any industry. Moreover, such 
companies generally lack the managerial and 
technical resources to undertake such ven- 
tures successfully. While financing is an 
obstacle for small companies, it is probably 
not as severe as building the organization to 
manage such a project. 


Significant contributions to establishing a 
large shale oil industry should not be ex- 
pected from small companies. Both technical 
and managerial talent and financial re- 
sources for major development reside in the 
large energy companies. 
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Secondary Financial Impacts and Benefits 


In addition to the peak capital require- 
ments and the direct impact on the capital 
markets, there are also a variety of second- 
ary financial effects—balance of payments, 
strength of the U.S. dollar, inflation, and tax 
revenue (net effect on the Federal budget). 


Balance of Payments and Strength 
of U.S. Dollar 


Shale oil development has two balance-of- 
payment effects—the direct effect of its pro- 
duction and the indirect effect from its in- 
fluence on the world oil price. 


Direct effect.—Producing shale oil will re- 
duce the need for imports. There should be a 
one-for-one substitution of shale oil for im- 
ported oil. At a $30/bbl current-dollar price 
for imported oil in the mid- to late 1980’s, the 
shift in balance of payments is $5.5 billion 
(scenario 3 with no delay) to $7 billion (sce- 
nario 4 with delay) in 1990. It would rise to 
$15.5 billion (scenario 3 with no delay) to 
$27.0 billion (scenario 4 with delay) in 2000. 
These effects are summarized in table 29. 


Indirect effect.—The indirect effect arises 
from price pressure exerted by domestic 
shale oil production on the price of world oil. 


Table 29.—The Current Dollar Improvement in the Annual U.S. 
Balance-of-Payments Position Associated With Alternative 
Development Rate Scenarios 


Representative years 


Improved source 1990 1995 2000 


Scenario 3 with no delay or cost overrun and 

annual capacity additions at the rate of 

100,000 bbi/d 

Direct substitution (billions)@............... $5.5 $10.5 $15.5 


Scenario 4 with 2-year delay and a $600 million 

cost overrun and uniform annual capacity 

additions at the rate of 200,000 bbi/d 

Direct substitution (billions)®............... OAK THO. 20.0 


aThis assumes the current dollar price of world oil is $30/bbl in each year and corresponds to 
Start-of-year capacity of 0.5 million in 1990, 1 million in 1995, and 1.5 million in 2000 plus 
50,000-bbI/d average production from phase-in of 100,000-bbI/d capacity in each year. 

OThis assumes the current dollar price of world oil is $30/bbl in each year and corresponds to 
start-of-year full production capacity of 0.6, 1.6, and 2.6 million bbl/d respectively for 1990, 
1995, and 2000 plus 100,000-bbI/d average production from phase-in of 200,000-bbI/d capac- 
ity in each year. 


SOURCE: Office of Technology Assessment. 


For every dollar reduction in the price of 
world oil (at current import levels of approx- 
imately 3 billion bbl/yr), there is a $3 billion 
improvement in the balance of payments. 


Taxes 


The direct effect of any shale oil incentives 
can be either a reduction in taxes and/or 
Government payments to shale oil producers. 
Hence, the direct effect of incentives is to in- 
crease the Government deficit. To the extent 
that there is a net increase in economic activi- 
ty, there are countervailing tax revenue bene- 
fits. These include: 1) the taxes paid by shale 
oil producers, 2) the taxes paid by suppliers 
to the shale oil companies, 3) the taxes paid 
by workers for shale oil companies, and 4) the 
taxes paid by workers for shale oil suppliers. 


It is very difficult to assess the impact of 
shale oil financing on Federal tax revenue. 
One of the primary variables is the extent to 
which shale oil production and related eco- 
nomic activity is incremental (net new domes- 
tic production) or substitutes for other eco- 
nomic activity. 


Estimates of the incremental Federal tax 
revenue are summarized in table 30. Two 
cases are considered—100-percent incre- 
mental domestic production and a more plau- 
sible 50-percent incremental production. The 
effect is modest in 1990 due to the assumption 
of no taxes by the shale oil producers. How- 
ever, by 2000 it rises to several billion. These 
figures exclude secondary activity such as in- 
cremental tax revenues due to servicing the 
employees and suppliers. They also do not 
reflect any benefits of higher employment in 
reducing unemployment compensation and 
welfare payments. 


Any reduction in the Government deficit 
will be a long-run benefit to the capital mar- 
kets to the extent that it reduces deficit fi- 
nancing and the associated ‘‘crowding out”’ 
of private sector financing by Government 


debt. 
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Table 30.—A Summary of Estimates of the Improvement in 
Federal Tax Revenue Attributable to Shale Oil Production From 
the Taxes Paid by Shale Oil Companies, Their Employees, 
Their Suppliers, and Their Suppliers’ Employees 


Representative years 
1990 1995 2000 
Scenario 3—uniform 100,000-bbI/d capacity 


growth and no delay 
Value of annual production (billions) ......... $5.50 $10.50 $15.50 
Proportion of annual production paidintaxes....  .15 PO AIMCO 


Net tax improvement: 100% new activity (billions)  .83 : 3 
Net tax improvement: 50% new activity (billions). .41 1.05 1.94 


Scenario 4—uniform 200,000-bbI/d capacity 


growth and delay 
Value of annual production (billions) ......... 7.00 17.00 27.00 
Proportion of annual production paidintaxes.... .15 2025 


Net tax improvement: 100% new activity (billions) 1.05 3.40 6.75 
Net tax improvement: 50% new activity (billions). .53 1.70 3.38 


Notes on the tax proportions. 

1. The proportions used here (.15, .20, and .25) are developed in detail in Bernell K. Stone, 
Shale Oil Financing: An Assessment of Financing Requirements, Capital Market Impact, Finan- 
cial Feasibility, and Financial Aspects of Policy Alternatives. They assume a 20-percent before- 
tax rate of return for the companies, 20-percent direct labor expense, 50-percent supplier ex- 
pense, and 10-percent other. Supplier direct labor payments are assumed to be 50 percent of 
supplier revenue. 

. The corporate and personal tax rates used were 50 and 25 percent respectively. 

. The proportions assume no corporate taxes from shale oil producers in 1990 (due to acceler- 

_ ated depreciation and investment tax credits), a 25-percent effective rate in 1995, and a full 50- 

percent rate in 2000. 


SOURCE: Office of Technology Assessment. 


wr 


Capital Costs: Secondary Effects 


The direct effect of more capital invest- 
ment is to raise capital costs. It has already 


been noted that this should be minor since the 
peak capital outlays are small as a proportion 
of total business investment, and would re- 
quire only a modest change in saving. The 
various secondary financial effects (balance 
of payments, Government deficit, inflation) 
also impact capital market rates. The long- 
run effect of improved balance of payments, 
reduced inflation, and reduced deficits will 
be to reduce capital market rates—both in- 
terest rates and required equity returns nec- 
essary for any given level of savings. The 
long-run reduction should be several percent- 
age points. Moreover, while the short-run im- 
pact of higher inflation would be adverse, the 
fact that capital markets are ‘‘anticipatory”’ 
(i.e., future looking) means that current rates 
will reflect not just current inflation but also 
the future improvement in inflation, balance 
of payments, and the budget deficit. Thus, the 
long-run improvements could outweigh both 
the short-run effect of inflation and the in- 
creased financing need. Consequently, the 
overall effect of shale oil on capital market 
rates is at worst a minor short-run increase 
and a clear long-run decrease. 


Financial Aspects of Policy Alternatives 


Impact on Peak Financing 


From the viewpoint of aggregate impact, 
the most important Government action is that 
which prevents or at least minimizes delays 
(i.e., by removing environmental delays and 
licensing delays once a plant is started), thus, 
cost over-runs. 


Impact on Private Sector Share 
of Peak Financing 


Government subsidies in the construction 
and very early production stages reduce the 
private sector share of peak financing but not 
the overall impact. This is because the Gov- 
ernment must raise its share via some com- 
bination of Government borrowing or more 


taxes, either of which reduces funds avail- 
able for private sector financing. 


General Impact of Subsidies 


The overall effect of subsidies and/or risk 
reduction is to make investment more attrac- 
tive and ensure more rapid development than 
would otherwise take place. Subsidies also 
make possible more rapid private-sector de- 
velopment once a basic industry is in place, 
i.e., beyond the 1990 period. 


Government willingness to subsidize, espe- 
cially via production subsidies and minimum 
price guarantees, sends an important mes- 
sage to savers and the world capital mar- 
kets—namely that there will be a significant 
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U.S. shale oil industry with decreasing reli- 
ance on foreign oil. Hence it should reduce in- 
flationary expectations, induce savings, in- 
duce investment from abroad, and strengthen 
the U.S. dollar. These policies could, there- 
fore, have an immediate and significant bene- 
ficial effect on the domestic capital markets 
via their impact on future expectations. 


Summary 


There is no significant problem in provid- 
ing peak financing requirements even for 
rapid shale oil development in terms of ca- 


pacity of the capital markets, increases in 
capital costs, or reallocations from other 
industrial-financial sectors of the economy. 
Major energy companies have the capacity to 
provide any reasonable mix of debt and equi- 
ty via retained earnings. 


Long-run secondary effects on balance of 
payments, strength of the U.S. dollar, infla- 
tion, and the budget deficit are all favorable. 
The overall impact on capital markets should 
also be favorable, especially given that cur- 
rent rates will reflect future expectations 
about inflation and the balance of payments. 


Effect on Inflation and Employment 


Oil shale programs will undoubtedly be a 
part of a larger synthetic fuels policy. All of 
the legislation before Congress is concerned 
with the development of a synthetic fuels in- 
dustry as such. The development of oil shale, 
were it to take place, would do so in the con- 
text of some particular array of policies con- 
cerned with such issues as conservation, oil 
import reduction, coal conversion, and/or in- 
creased solar power usage. Furthermore, 
shale oil development, like any other long- 
term financial commitment, will interact with 
Government policy and economic trends in 
numerous areas such as monetary policy, 
fiscal policy, tax policy (the windfall profits 
tax is particularly relevant), the characteris- 
tics of the balance of payments, and overall 
capital availability. To evaluate how prices 
and employment will be affected by oil shale 
development, it would be necessary to exam- 
ine these effects for all of the major synthetic 
fuels proposals before Congress, and attempt 
to assess the course of the U.S. economy over 
the next 10 years. This task is outside the 
scope of this report. However, the Congres- 
sional Budget Office in its September 7, 1979 
report to the Senate Budget Committee has at- 
tempted to make such an analysis. 


The impacts on prices and employment na- 
tionwide of the deployment of the first sce- 
nario (100,000 bbl/d) would be insignificant. 


Even the realization of the second scenario 
(200,000 bbl/d), would have negligible effects 
on national inflation and employment. How- 
ever, the inflationary effects of this produc- 
tion on the cost of the machinery and equip- 
ment necessary to the industry might be 
small, although discernible and could be sig- 
nificant, particularly on the price of labor, 
land, and rents, in the immediate geographi- 
cal areas of development. 


Even the third scenario (400,000 bbl/d) 
would not have an appreciable effect on na- 
tional inflation rates or employment levels. It 
would substantially affect local prices, have 
an enormous positive impact on local employ- 
ment, and a definable one on regional employ- 
ment. Depending on the phasing of the influx 
of workers, the local expenditures by the de- 
veloper, and the approach taken in dealing 
with socioeconomic impacts, the inflationary 
effect on land, labor, rent, and goods could be 
very large, particularly on land and rents. 
(See ch. 10.) 


The prices for the machinery and equip- 
ment used for constructing the facilities 
would escalate sharply. It has been estimated 
that the construction of an industry with a 
400,000-bbl/d capacity would use between 10 
and 20 percent of the current U.S. manufac- 
turing capacity for valves, pressure vessels, 
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heat exchangers, and certain kinds of mining 
equipment.* This would clearly be inflation- 
ary for these industries. The extent would de- 
pend on the rapidity with which the indus- 
tries could respond to the increased demand, 
how much in advance of need the equipment 
orders were placed, and the availability of 
foreign substitutes. 


It is likely that the fourth scenario (1 
million bbl/d by 1990) will affect the national 
economy somewhat differently from 1980 
through 1985 than it will from 1986 through 
1990. The short-run direct effect of shale oil 
development will be to use resources with no 
offsetting production. Hence, it would be 
clearly inflationary, although the direct infla- 
tionary impact might be offset somewhat by 
price pressure on world oil. 


The long-run effect will be to reduce infla- 
tion because of the substitution of domestic 
production for imports, the pressure on the 
world price of oil, the improvement in the bal- 
ance of payments, and the favorable impact 
on the Federal budget. Moreover, because 
capital markets set current rates on the ex- 
pectation of future events, the anticipation of 
reduced inflation can lower current capital 
costs. 


Simultaneously, however, this oil shale pro- 
gram could also exert inflationary pressure 
on general prices over the longer term start- 
ing in the early to middle 1980’s because the 
high demand created by the level of invest- 
ment would probably create temporary bot- 
tlenecks in various sectors of the economy, 
and shortages of materials and skilled labor. 


The net effect will tend to push up the prices 
of the essential elements of production. 


Assuming that all other factors remain the 
same, the tendency will be for the inflation 
rate to fall by 0.05 to 0.1 percent and for the 
level of unemployment to rise by 0.025 to 0.05 
percent during the earlier period of develop- 
ment. During the latter half of the decade, 
however, employment in the industry will 
grow sufficiently to very slightly reduce the 
national rate of unemployment (i.e., 0.015 to 
0.025 percent). During this time, the tendency 
will be for increasingly rapid investment to 
exert only a small influence on the rate of in- 
flation. It is unlikely that this impact would 
exceed 0.1 percent. These figures should be 
regarded as tendencies representing the di- 
rection of the impact—if nothing changes. 
Given the high probability that all things will 
not remain the same, these estimates should 


be viewed with extreme caution. One fact is, 


however, quite clear: oil shale development 
by itself will have a very small impact either 
on national rates of inflation or on employ- 
ment. 


Although the national impacts would be 
quite small, the local, regional, and sectoral 
effects would be much more substantial. De- 
velopment of the magnitude envisioned in this 
scenario would bring many operating, profes- 
sional, and construction employees into the 
area. This will unquestionably have an ex- 
traordinary impact on local prices, rents, and 
land costs, as well as on local employment. 
These issues are discussed in detail in 
chapter 10. 


Construction Industry and Equipment Capacity 


Current construction equipment capacity 
will severely hamper the ability to achieve oil 
shale production at the level assumed in the 
fourth scenario. It is apparent that limita- 
tions will be encountered in the following 
areas: 


e the capacity of design and construction 
firms; 


e the availability of various kinds of long 
leadtime equipment such as pressure 
vessels, valves, compressors, pumps, 
heat exchangers, heavy mining equip- 
ment, and alloy components; 

¢ the capacity to move equipment to re- 
mote construction sites, and to transport 
shale oil by rail and pipeline to markets 
or refineries; and 
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¢ the availability of sufficient numbers of 
an adequately trained labor force to 
meet construction schedules. 


Meeting the production targets will neces- 
sitate substantial improvements in each area. 
Such an expansion of capacity will require a 
national commitment to divert resources from 
other areas and uses, will create bottlenecks 
in other parts of the economy, and will lead to 
rapid inflation of costs in the relevant mining, 
construction, and equipment industries. In 
order to achieve this production goal the fol- 
lowing annual manpower and equipment 
needs would have to be met. 


In these projections it is assumed that ap- 
proximately 20 commercial facilities having 
an average capacity of 50,000 bbl/d will be 
constructed. Most would not reach the design 
stage until at least 1982. Their construction is 
unlikely to be started until between 1983 and 
1984; and will not be completed until between 
1989 and 1990. Consequently, many of the 
projects will be designed and constructed si- 
multaneously, thus, severely taxing the ca- 
pacity of equipment suppliers and construc- 
tion firms. 


These projects because of their size, com- 
plexity, and the vast array of skills and exper- 
tise they require, will necessarily need to be 
contracted to a limited number of large archi- 
tectural-engineering firms. Only a few design 
and construction firms have the managerial, 
technical, and economic experience to con- 
struct such plants. An examination of the ex- 
isting capacity of such firms by Engineering 
News Record on April 12, 1979, indicates that 
of the construction firms involved in building 
manufacturing process facilities, only 21 con- 
tracted in 1978 for work having a total dollar 


value near the level of expenditure required 
to construct a small commercial oil shale 
plant—$400 million per year.’ It can, there- 
fore, be concluded that no more than 21 firms 
have the current capacity for such work. 
Many of these are already booked years in 
advance. However, workloads between now 
and 1985 will probably increase the number 
of firms that are able to undertake projects of 
this magnitude. There is also the possibility 
that by combining together, smaller firms will 
be able to undertake such projects. 


In 1978, the construction industry con- 
tracted for $27.2 billion worth of new work, 
only $21.6 billion of which was industrial 
work. Thus, the annual construction costs of 
the oil shale piants that would have to be built 
between 1983 and 1990 to reach the million- 
barrel-per-day target represents 35 percent 
of the workload in 1978. 


In particular, shortages of skilled labor can 
be expected during efforts to deploy an indus- 
try of this size. In 1978, there were approx- 
imately 45,000 workers in the United States 
having the necessary technical and profes- 
sional skills (e.g., draftsmen, engineers, man- 
agers, and scientists). From 1983 to 1990, 
shale oil plants producing 1 million bbl/d 
would require 11,000 to 18,000 professional 
employees, which is more than 36 percent 
above process industry requirements in 1978. 
At this time, the United States has a total con- 
struction work force of around 4.5 million. 
During each year between 1983 and 1990, 
constructing the plants would require an ad- 
ditional 130,000 workers. The need for sucha 
large labor force would act to hamper the 
deployment of an industry of this size, and 
would substantially inflate labor costs. 
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CHAPTER 7 
Resource Acquisition 


Introduction 


On May 27, 1980, the Department of the Interior (DO!) announced several oil shale decisions. Up to 
four new tracts will be leased under the Prototype Program and preparations started for a permanent leas- 
ing program. At least one multimineral tract will be included in the renewed Prototype Program. Land ex- 
changes will not be given special emphasis, and no decision will be made to settle mining claims until the 
Supreme Court rules on Andrus v. Shell Oil (the oil shale mining claims discovery standard case). [Note: 
This case was decided on June 2, 1980 (No. 78-1815).] The administration will propose to Congress leg- 
islation to give DOI the authority to grant leases bigger than the present statutory limitation of 5,120 
acres, to provide for offlease disposal of shale and siting of facilities, and to allow the holding of a max- 


imum of four leases nationwide and two per State. 


The resources of the Green River formation 
are owned by the Federal and State govern- 
ments, by Indian tribes, and by numerous pri- 
vate parties. (See figure 54.) Overall, the Fed- 
eral Government owns about 70 percent of 
the land surface, which overlies about 80 per- 
cent of the resources. The Federal land con- 
tains the thickest and richest oil shale de- 
posits and essentially all of the large deposits 
of sodium minerals. About 20,000 acres (less 
than 1 percent) of the Federal land has been 
allocated for private development through 
the Prototype Oil Shale Leasing Program. In 
the future, it may be necessary to involve 
more public land for either private or govern- 
mental development, if certain technologies 
are to be tested or if a large industry is to be 
established rapidly. Releasing this land 
would be affected by the laws that govern 
leasing and land exchange, by unpatented 
mining claims over most of the Federal land, 
and by other factors. 


This chapter deals with the issues sur- 
rounding the use of Federal oil shale land. 
The following subjects are discussed: 


e the possible need for committing more 
public land; 


Figure 54.—Ownership of the Oil Shale Lands 
of the Green River Formation 
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SOURCE: Map of the Major Oil Shale Holdings—Colorado, Wyoming, Utah, 
Denver, Colo.: Cameron Engineers, Inc., January 1978. 


e leasing and land exchange programs 
and their problems; and 


e options for involving more Federal land. 


The Evolution of Leasing and Land Exchange 


The legal framework that governs the use 
of public land for oil shale development is 


both complex and unsettled. It incorporates a 
series of laws and policies dating back two 
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centuries that reflect conflicting philosophies 
about the role of the Federal Government as 
trustee of the public land. 


The Continental Congress created the pub- 
lic domain from lands ceded to the new Con- 
federation by the individual States. In 1788, 
the Constitution granted Congress the power 
to dispose of the public domain (including sur- 
face, mineral, and other rights) for the com- 
mon benefit of all the States. By 1850, the 
public domain extended to the Pacific coast, 
including the oil shale lands in Colorado, 
Utah, and Wyoming. The Preemption Act of 
1841 and the 1846 Lead Mines Statute au- 
thorized the transfer of public lands to pri- 
vate parties, and the Homestead Act of 1862 
allowed settlement of Federal lands in the 
West for agricultural purposes. Some tracts 
along streams in the Piceance Basin were ac- 
quired by settlers under this Act. The Mining 
Law of 1866 declared the mineral lands of the 
public domain to be free to exploration and 
open to appropriation by those prospectors 
who found “‘lode-type’’ deposits on the land. 
‘“Placer’’ deposits were excluded under this 
Act but were subsequently opened to appro- 
priation under the Placer Act of 1870.* 


The Mining Law of 1872 combined, re- 
vised, and augmented the 1866 and 1870 
laws, and subsequently governed disposal of 
all minerals that are not otherwise explicitly 
covered by other legislation. Prospecting was 
recognized as a statutory right. Upon locating 
a valuable mineral, a prospector could: 


e stake a claim encompassing all or part of 
the deposit; . 

e develop the deposit; 

¢ mine, process, and sell the minerals; and 

e obtain ownership to the land’s surface 
and its mineral values by paying from 
$2.50 to $5.00/acre, by performing about 
$500 worth of development work on the 
claim, and by carrying out at least $100 
per year of ‘“‘assessment”’ work until the 
time that ownership was transferred by 
a legal document called a patent. 

*A lode deposit is confined by rock in the place where it was 

originally formed. Placer deposits are lode deposits that have 


been broken down, transported, and redeposited in alluvial 
sediment as a result of exposure to flowing water or ice. 


The Secretary of the Department of the Inte- 
rior (DOI) was given authority to enforce the 
provisions of the 1872 Mining Law and to 
oversee the filing of claims and the granting 
of patents. The Petroleum Placer Act of 1897 
added “‘lands containing petroleum or other 
mineral oils” to those subject to the location 
and patenting provisions of the 1872 Mining 
Law. This action led to a flood of claims for oil 
and gas reserves, and large areas of public 
land were transferred to private hands as a 
result. 


In the early 20th century, the philosophy of 
free exploration and occupation of the public 
domain came under scrutiny because of the 
rise of the conservation movement and con- 
cern over the dwindling supply of strategic 
materials, including oil. This led to two ac- 
tions: 


e President Theodore Roosevelt’s execu- 
tive withdrawals of public lands that 
contained coal, timber, oil, water, and 
other essential resources; and 

e DOI’s stricter enforcement of its re- 
quirements for granting of patents for 
mining claims. 


President Roosevelt’s withdrawals were pro- 
tested in Congress, especially by representa- 
tives of the Western States, but Presidential 
authority for such withdrawals was subse- 
quently upheld by the Supreme Court. In 1909 
and 1910, President Taft withdrew the re- 
maining public domain from appropriation by 
oil and gas claims. More controversy ensued, 
and in 1910, at President Taft’s request, Con- 
gress passed the General Withdrawal Act— 
The Pickett Act—which authorized the Presi- 
dent to withdraw public lands by Executive 
order from settlement, location, sale, or other 
entry. The withdrawals were to be temporary 
and could only be made for the purpose of 
evaluating the land for water powersites, ir- 
rigation, classification, or other public uses. 
All lands thus withdrawn would remain open 
for exploration, discovery, and appropriation 
under those provisions of the Mining Law of 
1872 that applied to metalliferous (metal- 
bearing) ores. 
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In 1914, Congress severed known fuel and 
fertilizer mineral rights from the rights to the 
surface of lands appropriated for agricultur- 
al uses. The Stockraising Act of 1916 re- 
served to the Government all mineral rights. 


The Mining Law and the other land-man- 
agement laws had little effect on oil shale 
prior to 1916 because interest in the mineral 
was negligible. However, in 1914, the U.S. 
Geological Survey began investigating the oil 
shale deposits to determine their potential for 
yielding fuels. Publication of the results in 


1916 coincided with predictions of wide- 
spread fuel shortages as a result of diminish- 
ing petroleum reserves. Based on infortnal 
representations that oil shale would be 
treated as a locatable mineral under the 
Petroleum Placer Act of 1897, more than 
10,000 claims of 160 acres each were filed 
before 1920. Filing for oil shale claims was 
ended in 1920 with the passage of the Miner- 
al Leasing Act. Also in 1920, DOI determined 
that oil shale had been a locatable mineral. 
Questions related to the valid location and 
maintenance of these claims became a source 
of contention that has endured to the present. 


Leasing Programs 


The Mineral Leasing Act of 1920 ended the 
process of claiming Federal land for petro- 
leum, gas, coal, oil shale, phosphate, and 
sodium minerals. However, private firms 
could be given an opportunity to develop 
these minerals through leasing programs ad- 
ministered by DOI. The Secretary of the In- 
terior was required to assess annual rentals 
of 50 cents per leased acre, and the maximum 
size of an oil shale lease tract was limited to 
5,120 acres (8 mi’). No individual or firm 
could hold more than this acreage under 
lease.* Except for these provisions, the Sec- 
retary was given broad discretionary powers 
to select lease tracts and to shape the terms 
of development leases. Five oil shale lease ap- 
plications were filed with DOI after 1920. 
Three leases were issued, but all were subse- 
quently canceled. 


In the early 1920's, during the Harding ad- 
ministration, Secretary of the Interior Fall 
was alleged to have accepted bribes from an 
oil company in consideration of noncompeti- 
tive leasing of Naval Petroleum Reserve No. 
3—the Teapot Dome field in Wyoming. In 
1930, during the era of caution that followed 
the Teapot Dome scandals, DOI’s Solicitor 
suggested that oil shale lands be withdrawn 
from leasing because shale oil was too expen- 


_ *Shares in several leases could be held, but the total area 
covered by the shares could not exceed 5,120 acres. 


sive to produce compared with conventional 
petroleum, and therefore any additional leas- 
ing could only result in speculation. The sug- 
gestion was adopted by the Secretary and 
transmitted to President Hoover, who issued 
Executive Order 5327, which withdrew the 
oil shale lands from leasing under the Miner- 
al Leasing Act. The order ‘“‘temporarily’’ re- 
served the lands for the purpose of ‘“‘investi- 
gation, examination, and classification,” as 
required by the Pickett Act under which it 
was promulgated. 


Since 1930, this temporary order has been 
modified on a few occasions. In 1932, for ex- 
ample, President Hoover’s Executive Order 
6016 permitted oil and gas leases on the oil 
shale lands, and in 1935, President Roose- 
velt’s Executive Order 7038 authorized pros- 
pecting permits and development leases for 
sodium-bearing minerals. The withdrawal 
order has also been modified from time to 
time to permit disposition of surface rights in 
limited areas. With these exceptions, it re- 
mained in effect and essentially unaltered for 
over 40 years, during which no oil shale 
leases were issued. 


In 1952, President Truman issued Execu- 
tive Order 10355, which authorized the Sec- 
retary of the Interior to rescind the with- 
drawal order. Subsequent Secretaries, how- 
ever, were reluctant to exert this authority 
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for fear of creating the environment for a 
leasing scandal like Teapot Dome. DOI’s hesi- 
tation was compounded by the uncertain 
status of unpatented mining claims on much 
of the Federal land and by a feeling that shale 
oil was not needed. 


In the 1960’s and early 1970’s pressure 
from congressional delegates from Colorado, 
Utah, and Wyoming, and urging from State 
officials and the energy industry, contributed 
to the formulation of two different but related 
leasing attempts. The first was promulgated 
between 1964 and 1968 as part of a compre- 
hensive oil shale program in the Johnson ad- 
ministration under Secretary of the Interior 
Stewart Udall. Secretary Udall’s lease offer- 
ings failed to attract private participation. 
Other portions of his program were carried 
forward into the Nixon administration, how- 
ever, where they were supplemented by the 
Federal Prototype Oil Shale Leasing Program 
under the direction of Secretaries Hickel and 
Morton. * 


The Prototype Program officially began on 
June 4, 1971, when President Nixon in- 
structed the Secretary of the Interior to ex- 
pedite a leasing program that would encour- 
age oil shale development while providing for 
environmental protection. On June 19, 197 i? 
Secretary Morton announced plans for the 
Prototype Program and simultaneously re- 
leased the preliminary environmental impact 
statement (EIS). In April 1972, DOI desig- 
nated six tracts of about 5,120 acres each, 
which were offered for lease in 1974. Their 
locations are shown in figure 55. Dates for 
the sale of individual leases and other details 
of the Program’s initiation are summarized in 
table 31. 


It is noteworthy that the initial develop- 
ment plans covered a range of technological 
options: underground and surface mining, 
aboveground and in situ retorting, and mining 
in ground water aquifers and in dry zones. It 
was estimated that the six tracts would be 
producing a total of 250,000 bbl/d by 1980. 
This goal was immediately set back because 


*Both leasing attempts are discussed in detail in vol. II. 


no acceptable bids were received for the in 
situ tracts in Wyoming. The lack of response 
was related to the poor quality of the Wyo- 
ming resources and to the primitive status of 
in situ technologies. In 1976, DOI proposed to 
lease two other in situ tracts in the richer Col- 
orado shales. Several sites were investigated 
and a supplemental EIS was begun. The idea 
was abandoned in 1977 when Colorado tracts 
C-a and C-b switched from aboveground re- 
torting (AGR) to modified in situ (MIS) proc- 
essing. The reasons for this shift were tech- 
nical problems with the fractured oil shale on 
tract C-b and a ban on the disposal of mining 
and processing wastes outside of tract C-a’s 
boundaries. Development of both tracts was 
resumed after a 1-year delay and both are 
now proceeding towards commercial opera- 
tions. 


Development of the Utah tracts has been 
stopped by legal battles between the Federal 
Government, the State of Utah, and private 
firms over ownership of the lands encompass- 
ing the tracts. There are basically two types 
of conflict. The first is related to the cir- 
cumstances under which Utah was granted 
statehood. Under the Statehood Enabling Act 
of 1894, Utah was allowed to take title to four 
sections out of each township with the intent 
that the proceeds from their sale or use 
would be applied to public education. For var- 
ious reasons, selection of a large number of 
these sections was delayed, and in some 
cases whole townships were made ineligible 
by their inclusion in Federal reservations. In 
lieu of sections in these townships, Utah was 
allowed to select other sections in other town- 
ships. 


By the 1960’s, Utah’s stockpile of in lieu se- 
lections had reached 225,000 acres. Between 
September 1965 and November 1971, Utah 
applied for 157,225.9 acres of land in the oil 
shale area. Included were the present sites of 
lease tracts U-a and U-b. DOI declined to 
transfer the title to this land, and litigation 
ensued. To avoid delaying the Prototype Pro- 
gram’s initiation, DOI and Utah agreed that 
the proceeds from the leasing of tracts U-a 
and U-b would be held in reserve until the 
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Figure 55.—Locations of the Tracts Offered for Lease Under the Prototype Program 
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SOURCE: T. A. Sladek, ‘‘Recent Trends in Oil Shale—Part 3: Shale Oil Refining and Some Oil Shale Problems,” Minerals Industries Bulletin, vol. 18, No. 2, March 1975, 


p. 4. 


case was decided. Utah also agreed to hold 
the lessees to the terms of the Federal leases 
if the State took title. The lawsuit proceeded 
through the U.S. District Court and the Cir- 
cuit Court, which ruled in favor of Utah, and 
is now in the U.S. Supreme Court, where it 
will be heard during the 1980 session. * 


*On May 19, 1980, the U.S. Supreme Court, in a 5-4 decision, 
reversed the lower court decisions and held that the Secretary 


This case should not have unduly con- 
cerned the lessees because its outcome would 
not have affected the leasing regulations. 
However, the situation was complicated 
when a mining company applied for a prefer- 
of the Interior could reject Utah’s applications for oil shale 
lands as school land indemnity selections because the selected 
lands were grossly disparate in value to the school land grants 


that were lost to preemption or prior entry (Andrus v. Utah, No. 
78-1522). 
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Table 31.—Tracts Offered Under the Prototype Oil Shale Leasing Program 


Tract Location Date of sale Winning bidder Winning bid Development concept 
C-a Colorado 1/8/74 Rio Blanco Oil Shale project $210,305,600 Open pit mining; aboveground retorting@ 
(Gulf Oil, Standard Oil of Indiana) 
C-b Colorado 2/12/74 C-b Shale Oil project (Atlantic 117,788,000 Underground mining; aboveground 
Richfield, Tosco, Shell, Ashland) retorting4 
U-a> Utah 3/12/74 White River Shale Oil Development 75,596,800 Underground mining; aboveground 
(Sun Oil, Phillips Petroleum) retorting® 
U-b Utah 4/9/74 White River Shale Oil Corp. 45,107,200 Underground mining; aboveground 
(Sun Oil, Phillips, Standard of Ohio) retorting® 
W-a Wyoming 5/14/74 None In situ (Suggested by DOI) 
W-b Wyoming 6/11/74 None In situ (suggested by DOI) 


4indirectly heated retorts (¢.g., TOSCO II). 
Subsequently unified for common development. 


Combination of indirectly heated and directly heated retorts (e.g., TOSCO I! and Paraho or gas combustion). 


SOURCE: Office of Technology Assessment. 


Photo credit: OTA staff 


Development on Federal Prototype Leasing tract C-b 


ential State lease to the tract area. This might 
have superseded the Federal lease and there- 
fore obviated development of the tract by the 
Prototype lessees. Another suit was initiated, 
in this instance between the mining company 
and the State of Utah. Proceedings have been 
stayed pending resolution of the in lieu liti- 
gation. 


A further complication was introduced by 
the unpatented pre-1920 mining claims that 


overlie most of the Federal oil shale lands, in- 
cluding the Utah lease tracts. In the early 
1970’s, when the Prototype leases were sold, 
DOI was confident that the unpatented 
claims would be invalidated, and that the 
Government would retain title to the lands in 
question. In early 1977, however, a court 
decision in favor of the claimants was issued 
in a case involving unpatented claims in Col- 
orado. Because this precedent could eventu- 
ally have resulted in validation of the claims 
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overlying U-a and U-b, the lessees sued for 
and won a suspension in the lease terms. The 
suspension is still in effect, pending a Su- 
preme Court decision on the issue of unpat- 
ented claims.* 


In summary, no permanent leasing pro- 
gram exists for the Federal oil shale lands, 
and under the present Prototype Program, 
four tracts have been leased, but two are in- 
active because of legal uncertainties. The 


*On June 2, 1980, the U.S. Supreme Court decided in favor of 
the Colorado claimants (Andrus v. Shell Oil, No. 78-1815). 


other two, Colorado tracts C-a and C-b, are 
being developed for MIS processing. The les- 
sees of tract C-a are also negotiating for a 
demonstration of the Lurgi-Ruhrgas AGR 
technology. If both tracts proceed to commer- 
cialization, they could produce a total of 
133,000 bbl/d by 1987. With current plans, 
one mining technique, one in situ process, and 
one aboveground retort will be evaluated. 
Open pit mining will not be tested, nor will 
other in situ or AGR techniques. All of the 
mining will be conducted in ground water 
areas. ; 


Land Exchanges 


As discussed later, of the approximately 
400,000 acres of privately owned land in Col- 
orado, about 170,000 acres contain at least 
10 ft of oil shale yielding 25 gal/ton. The total 
potential oil yield from these richer tracts is 
at least 80 billion bbl, which would support a 
1-million-bbl/d industry for 240 years. How- 
ever, much of the privately held land is lo- 
cated on the fringes of the oil shale basins, 
and contains thinner, leaner deposits than 
does the adjacent Federal land. Furthermore, 
some of the private tracts are in small, non- 
contiguous parcels (mainly former home- 
steads and small mining claims) that could 
not be economically developed. Private oil 
shale development could be encouraged if 
these lands were exchanged for more eco- 
nomically attractive Federal tracts. 


The exchanging of private mineral-bearing 
land for Federal land is allowed under sec- 
tion 206 of the Federal Land Policy and Man- 
agement Act of 1976 (FLPMA). Exchanges 
may be consummated provided that they are 
in the public interest and that the properties 
involved are within 25 percent of equal value. 
The difference may be made up in cash. 
There are two options that would be particu- 


larly suitable for the oil shale situations. The 
first is the ‘‘blocking-up”’ of scattered or odd- 
ly shaped tracts by exchanging portions of 
them for adjacent Federal land, thereby cre- 
ating a tract geometry that could be devel- 
oped economically. Superior Oil Co. proposed 
such an exchange for its property in the 
northern Piceance basin. In this case, a 
stringer of Superior land that extended into 
the Federal holdings was to be exchanged for 
a parcel along the southern edge of the main 
body of the Superior property. EXXON Corp. 
has also proposed to exchange numerous 
small tracts along streambeds in the Piceance 
basin for about 10,000 acres of Federal land 
near the basin’s center. 


The second option would involve exchang- 
ing a large block of private land on the fringe 
of the oil shale deposits for a substantially 
smaller block of Federal land in the richer, 
thicker areas. The Federal tract would have 
to be much smaller, in general, because the 
deposits under much of the Federal land are 
at least 1,000 ft thick; deposits on private 
tracts along the basin’s fringe are seldom 
more than 250 ft thick. 


The Adequacy of Private Lands 


Most of the privately owned lands in the 
Piceance and Uinta basins were acquired 


through the filing of mining claims for oil 
shale and other minerals under the Mining 
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Law of 1872. The provisions of the law re- 
quired that the mineral be ‘‘located’’ by the 
prospector; that is, he had to sample the 
deposit and demonstrate, through assay, that 
it contained the mineral of interest. In gener- 
al, the oil shales in Colorado and Utah are 
deeply buried and therefore not visible from 
the surface. However, some deposits are visi- 
ble where streams have eroded through the 
overburden. The early prospectors obtained 
samples from these outcrops, assayed them, 
filed claims for the outcrop and for the adja- 
cent land (which, it was inferred, also con- 
tained the mineral), and eventually obtained 
patents for the claimed land from the Govern- 
ment. Most of the original mining claims were 
quite small, but over the years the individual 
claims have been purchased by major energy 
companies and consolidated into much larger 
blocks that could be suitable for commercial 
development. 


The locations of the larger privately owned 
patented or “‘fee’’ lands in the Piceance basin 
are shown in figure 56.* Because the oil shale 
deposits were first detected along the Col- 
orado River, most of the fee lands are found 
in the southern part of the basin. Because of 
the location requirements of the 1872 Mining 
Law, they are generally found along stream- 
beds. Not shown in the figure are the numer- 
ous tracts of a few hundred acres that follow 
the streams in the central and northern parts 
of the basin. These were primarily early 
homesteads and grazing lands, but many of 
them have been acquired by the energy com- 
panies. They are still used for farming and 
stock raising, which retains control of the 
water rights. 


The location of the private lands has sever- 
al implications for oil shale development be- 
cause, although they are extensive, they are 
not so commercially attractive as the Federal 
lands to the north. There are three reasons 
why they are not so attractive. First, they are 
much thinner and contain lower concentra- 
tions of kerogen than do the deposits on Fed- 
eral land. This is because the oil shale re- 


*The term ‘‘fee” is derived from the Middle English word 
fief: an inheritable or heritable estate in land. 


sources were created on the bed of an an- 
cient lake by the deposition of silt and organic 
debris carried into the lake by rivers and 
streams. The lake had a bowl-shaped cross 
section (hence, the term ‘‘basin’’), and more 
sedimentation occurred near its depositional 
centers, which lie north of the geometric 
center of the basin—on Federal land. The 
Federal deposits are therefore much thicker 
and, as a consequence, more amenable to 
large-scale development. The private lands, 
on the fringe of the basin corresponding to 
the shoreline of the ancient lake, are much 
thinner. 


Second, because the level of water in the 
lake varied over time as the climate changed, 
the lakeshore advanced and receded. When 
the water level was high, organic matter was 
deposited over a broader area and was con- 
verted to oil shale before it could be decom- 
posed by exposure to the air. When the water 
level was low, more inorganic silt was de- 
posited, and any organic debris that was laid 
down near the shoreline decomposed when 
the shoreline receded. As a consequence, the 
deposits on the basin’s fringe are much 
leaner on the average than the deposits to the 
north, and they occasionally are intermixed 
with layers of rock containing essentially no 
organic matter. This complicated stratigra- 
phy reduces the average oil yield from depos- 
its on private land, and makes them less suit- 
able for commercial development. 


The net effect of these two conditions is in- 
dicated in table 32 and illustrated in figure 
57. As shown, the privately owned lands in 
Colorado and Utah include about 340,000 
acres of deposits at least 10 ft thick that 
would yield at least 25 gal/ton of shale oil. 
The total potential yield from these deposits 
is about 100 billion bbl. In contrast, the Fed- 
eral lands have 1.2 million acres of equiva- 
lent deposits with a potential yield of 460 bil- 
lion bbl. 


The third factor is that private lands con- 
tain essentially no commercially attractive 
deposits of nahcolite and dawsonite—the so- 
dium minerals that are potential sources of 
aluminum, glass, and the chemicals used to 
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Figure 56.—Privately Owned Tracts in the Piceance Basin 
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Table 32.—Distribution of the Oil Shale Resources in Colorado and Utah 


Ownership 
Colorado Utah Total : 
Federal Private Federal Private Federal Private 
Quantity of land (1,000 acres)...................... 1,420 400 3,780 1,100 5,200 1,600 
Deposits at least 10 ft thick and yielding at least 25 gal/ton 
(1,000 acres): cue’. wares eich hls wien: eee 600 170 600 170 1,200 340 
Potential yield of shale oil (billion bbl)................. 390 80 70 20 460 100 


SOURCE: Adapted from Prospects for Oil Shale Development—Colorado, Utah, and Wyoming, Department of the Interior, 1968, pp. A-1 and A-2. 


control air pollution from flue gases. As 
shown in figure 58, the deposits of sodium 
minerals stop short of the northern edge of 
the major private holdings. The only signifi- 


cant exception is the land owned by Superior 
Oil Co., which lies along the northern edge of 
the sodium mineral resources. 


Present and Potential Projects on Private Land 


Colony Development Operation (a consorti- 
um of Tosco and Atlantic Richfield Co.) and 
Union Oil Co. own some of the more commer- 
cially attractive private land. The two com- 
panies have been developing retorting tech- 
nologies since the 1950’s and early 1960’s. In 
the late 1960’s Colony proposed to build a 
commercial-scale project on its property, 
which would use underground mining and 
aboveground processing in TOSCO II retorts. 
The project was delayed by economic uncer- 
tainties, and then resurrected in the 1970’s 
after the Arab oil embargo. It was subse- 
quently suspended when more detailed eco- 
nomic studies indicated a much higher cost 
for the project (and hence for its oil) than 
previously anticipated. The retorting process 
has been tested at the semiworks scale (about 
1,000 ton/d), and is regarded by Colony as 
being ready for commercial application. 


The Colony project would produce 46,000 
bbl/d with six TOSCO II retorts, each proc- 
essing about 10,000 ton/d of ore. Because the 
project would include a product pipeline 
across Federal land, an EIS was required. 
This was completed by the Bureau of Land 
Management (BLM) in 1977. At present, Col- 
ony has many of the major permits required 
to initiate the project, but it will not proceed 
until the economic climate is improved by fur- 
ther increases in oil prices or Government in- 


centives, and until regulatory uncertainties 
are alleviated.' 


Union Oil Co. began developing retorting 
technologies in the 1950’s. It owns about 
30,000 acres of land in the southern Piceance 
Basin, 20,000 acres of which contain oil 
shale. Union tested its ‘‘A’’ aboveground 
retort on this land between 1954 and 1958. 
Since 1974, Union has been studying a project 
that would use the Union ‘‘B” retort to ex- 
tract 75,000 to 150,000 bbl/d of shale oil from 
the company’s resources. The plant is to be 
developed with a modular stage in which a 
single “‘B’’ retort with a capacity of about 
9,000 bbl/d will be tested. This project, the 
Long Ridge Experimental Shale Oil project, is 
in suspension until economic conditions im- 
prove sufficiently to warrant investment. A 
minimum requirement at present is a produc- 
tion tax credit of $3/bbl of shale oil pro- 
duced.’ Union has obtained all of the key en- 
vironmental permits required for the modular 
project. 


A third major oil project involving private 
land is the Superior project, which would in- 
volve the simultaneous recovery of shale oil, 
soda ash, alumina, and nahcolite from the so- 
dium mineral deposits. As indicated previ- 
ously, Superior has proposed to exchange a 
long, thin portion of its tract for a parcel of 
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Figure 57.—Thickness of the Oil Shale Deposits in the Piceance Basin 
That Yield at Least 25 gal/ton of Shale Oil 
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Figure 58.—Location of the Sodium Mineral Deposits in the Piceance Basin 
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Federal land. BLM has issued a draft EIS for 
the exchange, and recently completed a pre- 
liminary assessment of the value of the two 
tracts in question, as required by the equiv- 
alent-value provisions of FLPMA. Superior’s 
land was found to have a significantly lower 
value than the Federal land to be acquired. 
BLM has tentatively denied the application. 
Superior is preparing a response to the denial 
and BLM’s decision is open to review. If the 
exchange were approved, the project could 
produce about 11,500 bbl/d of shale oil, plus 
the other byproducts, from a single Superior 
aboveground retort. The resources on the 
tract could support one additional retort of 
the same size. 


Tosco is also developing the Sand Wash 
project on land leased from Utah. It is in its 
early stages and is proceeding at a relatively 
slow pace. Under its leasing arrangments, 
Tosco is required to invest $8 million in tract 
development over an 8-year period. The sink- 
ing of a mine shaft has begun and will be com- 
pleted in about 1982. This will be followed by 
an experimental mining phase lasting from 2 
to 3 years.’ Thus, by 1985, Tosco could be 
ready to build its retorting plant, which could 
ultimately have a capacity of 50,000 bbi/d. If 
a modular demonstration phase is included, 
the plant could be completed by 1995. If pre- 
commercial experiments are not conducted, 
as would be the case for Tosco’s Colony proj- 
ect, the plant could be completed as early as 
1990. However, this would require accelerat- 
ing the experimental, design, and construc- 
tion phases, which Tosco may not be willing 
to do in the absence of a highly favorable 
economic outlook. Tosco has not stated a posi- 
tion in regard to the types of encouragement 
that would be required, but as a member of 
the Colony Development Operation, Tosco has 
suggested a need for financial incentives and 
regulatory modifications. 


Other private firms are also engaged in 
R&D activities on their tracts and on land 
leased from Utah. These projects are dis- 
cussed in detail in chapter 5. The Geokinetics 
project, in which a true in situ (TIS) retorting 


technique is being developed, is the only one 
for which a commercial target—2,000 bbl/d 
—has been announced. Occidental Oil Shale 
is conducting experiments on its land in the 
extreme southern Piceance basin. However, 
the tests at the Logan Wash site are support- 
ing the development of Federal lease tract 
C-b. The Logan Wash site has no commercial 
potential. Equity Oil Co. is developing another 
TIS process on private land in Colorado, but 
no production target has been announced. 


If all of the presently active or suspended 
projects on non-Federal land proceeded to 
commercialization, the total production 
would be 280,000 to 350,000 bbl/d. However, 
this would require the following: 


e for Union: a production tax credit; 

e for Colony (and probably for Sand 
Wash): incentives and alleviation of reg- 
ulatory uncertainties; 

e for Superior: a land exchange and pos- 
sibly incentives; and 

e for Geokinetics: the continued support 
by the Department of Energy (DOE) of 
the company’s experimental program. 


There are other private tracts that have re- 
sources similar to those of Colony and Union. 
These include the tracts owned by Chevron 
(Standard Oil Co. of California), Getty Oil Co., 
Cities Service Corp., and others. However, no 
projects have been announced for any of 
these lands. In part, this reflects the techno- 
logical positions of the other landowners— 
they do not own advanced retorting technolo- 
gies. They may plan to license the processes 
of the other companies, once these have been 
demonstrated, or to develop their own proc- 
esses once the economic viability of the oil 
shale industry appears assured. It appears 
that economic conditions would have to im- 
prove significantly in order to motivate these 
potential developers to complete their proj- 
ects before, say, 1990. A much stronger set of 
incentives may be required than would be 
needed by Union or Colony, who already have 
both good technological and resource posi- 
tions. 
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Present and Potential Projects on Federal Land 


As discussed in volume II and mentioned 
earlier here, only two projects are actively 
being conducted as part of the Prototype 
Leasing Program. Rio Blanco Oil Shale Co. is 
developing tract C-a using MIS methods. A 
demonstration of the Lurgi-Ruhrgas above- 
ground retort may be included. Tract C-b is 
being developed as the Cathedral Bluffs 
Shale Oil project. Occidental’s MIS technol- 
ogy is being used, and no plans have been an- 
nounced for a concurrent demonstration of 
AGR technologies. The White River project on 
tracts U-a and U-b, which were unified for 
joint development, is presently in suspension 
pending resolution of ownership. 


Paraho Development is also engaged in a 
project involving Federal land at the DOE 
research facility in Anvil Points, Colo. Anvil 
Points was the site of Paraho’s retort develop- 
ment program. Paraho is attempting to ex- 
tend the terms of its lease to include a mod- 
ular demonstration program and to obtain 
funding for the project. The outlook is uncer- 
tain, because an EIS is required and none has 
yet been issued, despite four attempts by 
DOE. Paraho’s management is also pursuing 
a production tax credit to improve the 
economic outlook for shale oil. 


As mentioned earlier, EXXON Corp. has 
also proposed to exchange its scattered hold- 
ings for a single tract of Federal land in Col- 
orado. The future of this proposal is uncer- 
tain. If Superior’s land-exchange experience 
is regarded as typical, preparation and re- 
view of the EXXON proposal could take as 
long as 8 years. Four years is more likely. 


DOE and the Department of Defense are 
preparing a management plan for developing 
Naval Oil Shale Reserve No. 1 (NOSR 1), 
which is contiguous to the Anvil Points site. 
This project is in the early stages, and the 
potential production cannot be accurately es- 
timated. However, if all of the preliminary ex- 
ploration, design work, and permitting can be 
completed by 1986, and if plant construction 
were expedited, DOE believes that NOSR 1 


could be producing at least 100,000 bbl/d by 
1990. 


Multi Mineral Corp. has proposed to use a 
mine shaft on Federal land in the northern Pi- 
ceance basin to develop an MIS process to re- 
cover shale oil, alumina, and nahcolite from 
deeply buried deposits. The shaft was drilled 
in 1978 by the U.S. Bureau of Mines to devel- 
Op mining techniques for sodium minerals 
and oil shale in the saline zone.* The proposal 
involves a three-phase project that could lead 
to a 50,000-bbl/d operation. 


If all of the presently active and proposed 
projects involving Federal land were com- 
pleted, the total production could exceed 
300,000 bbl/d, plus any additional production 
from NOSR 1. However, only 57,000 bbl/d of 
this production is assured, because only 
Cathedral Bluffs is committed to commercial- 
ization. Rio Blanco is committed only to test- 
ing its development techniques at the precom- 
mercial level—approximately 2,000 bbl/d. 
The decision to proceed to commercial levels 
of production will depend on the technical 
feasibility of the MIS and Lurgi-Ruhrgas 
methods and on the existence of a favorable 
economic and regulatory climate. Therefore, 
achieving 390,000 bbl/d from these opera- 
tions is likely to require the following: 


e for Cathedral Bluffs: continued techni- 
cal progress and continuation of a favor- 
able economic outlook; 

e for Rio Blanco: technical progress and 
favorable project economics, perhaps in- 
cluding Federal financial incentives; 

e for Paraho: extension of the terms of the 
Anvil Points lease and provision of a pro- 
duction tax credit; 

e for White River: favorable resolution of 
the ownership dispute and possibly Fed- 
eral incentives (Standard Oil Co. of Ohio 
(SOHIO) is a participant in the White 


*The Multi Mineral technology is discussed in ch. 5. The ge- 


ology and stratigraphy of the oil shale basins are discussed in 
ch. 4. 


River project. SOHIO is also involved in 
the Paraho operation.); and 

e for EXXON: approval of the proposed 
land exchange. 


| The potential production from tract C-a 
}could be expanded by 75,000 bbl/d if the les- 
»sees returned to their original open pit mining 
plan. However, to allow maximum recovery 
of the oil shale resource, lands outside of the 
tract boundaries would have to be used for 
waste disposal and the siting of the process- 
ing facilities. Such offtract land use is pres- 


As discussed in chapter 6, shale oil ap- 
pears to be economically competitive, based 
»on the present and projected prices of foreign 
crude oil and some premium-quality domestic 
crudes. However, technical, economic, and 
regulatory risks are inhibiting potential de- 
velopers from making large capital invest- 
ment commitments to shale development. 
These uncertainties are aggravated by some 
of the characteristics of the private lands 
‘which, in general, are not so favorable as 
‘those of adjacent Federal lands. Further- 
more, the privately owned lands contain es- 
sentially no commercially attractive deposits 
of sodium minerals. Assuming that these min- 
verals could be extracted economically, they 
could be sold as byproducts to enhance the 
\feconomic feasibility of a project. Whether 
|\more Federal land must be provided depends 
on: 


e how much production is desired; 

e how rapidly the industry is to be cre- 
ated; 

¢ whether production of sodium minerals, 
or testing of the ‘“‘multimineral’’ technol- 
ogies used to extract them, is desired; 

¢ how much technical, economic, and envi- 
ronmental information is desired to as- 
sist policymaking and the setting of envi- 
ronmental regulations; and 

¢ whether financial incentives are pro- 
vided that will encourage the continua- 
tion of present projects on the Federal 
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ently banned by Federal statutes, including 
the acreage limitation of the Mineral Leasing 
Act and the provisions of FLPMA, which 
state: 


Nothing in this Act, or in any amendment 
made by this Act, shall be constructed as 
permitting any person to place, or allow to be 
placed, spent shale oil, overburden, or by- 
products from the recovery of other mineral 
with oil shale, on any Federal land other than 
Federal land which has been leased for the 
recovery of oil shale... 


Is More Federal Land Needed? 


lease tracts and also initiate projects on 
private lands. 


The need for additional Federal land will 
depend strongly on the size of the industry 
and the pace of its creation. It will also be af- 
fected by the other Federal oil shale policies, 
especially those involving financial incen- 
tives. This is shown in table 33, which indi- 
cates how the industry’s capacity in 1990 
might be affected by different Federal ac- 
tions. As shown for case 1, about 60,000 bbl/d 
could be achieved with no additional actions, 
assuming that the Cathedral Bluffs project is 
completed and that Geokinetics reaches its 
production target. If economic conditions en- 
courage Rio Blanco to continue and Sand 
Wash to accelerate, production could reach 
185,000 bbl/d by 1990. If incentives are 
added (case 2) that assure completion of 
these two projects, that encourage the Colony 
and Union projects to resume, and that also 
initiate a new project on private land, produc- 
tion would reach 360,000 bbl/d. This could be 
expanded in case 3 to nearly 400,000 bbl/d if 
the Superior land exchange is consummated 
(or a lease issued for the desired parcel) and 
test sites are provided for the Paraho and 
Multi Mineral processes. All three of these 
projects would involve providing access to ad- 
ditional Federal land. 


If the ownership conflicts surrounding the 
Utah lease tracts are resolved in a manner 
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Table 33.—Estimated Shale Oil Production by 1990 in Response to Various Federal Actions 


Federal action 1 js 
NONGER ore te Soviet ans Ube Se Ree X 
Incentives for first-generation developers? . . . . X 


Test sites for modular retorts> ............ 
Resolution of ownership issues on Utah tracts° . 
Offtract land use@ 7 a OR 
Proposed land exchanges®............... 
Incentives for second-generation developers 

(or improved economics) .............. 
Naval Oil Shale Reserves or expanded 

Prototype Program or permanent leasing... . 


Production bbl/doe en  seume raters re eee 60,000- 
185,000! 


360,000 


4Assumes the entry of one as-yet unannounced developer. 


Dincludes the proposed Superior Oil land exchange and a leasing of Anvil Points by Paraho Development. 


390,000 


Case 
3) 4 5 6 7 8 
X X xX X 
X x X X X X 
X X X X X 
X X X X 
X xX X 
y x 
X 
490,000 560,000 620,000 850,000 1,000,000 


Resumption of the tract U-a/U-b project may also depend on the availability of incentives and on other improvements in project economics. 


For waste disposal from the open pit mine that was originally proposed for tract C-a. 
®includes the proposed Superior Oil and EXXON land exchanges. 
Only 59,000 bbi/d is firmly committed. 


SOURCE: Office of Technology Assessment. 


favoring the lessees, and if appropriate in- 
centives are provided, the White River proj- 
ect could resume. This would add 100,000 
bbl/d to the industry’s capacity. Production 
could reach 560,000 bbl/d if Rio Blanco were 
given permission to use offtract lands and 
returned to its original open pit mining plan, 
as assumed for case 5. If the EXXON land ex- 
change were completed (case 6), production 
would be increased by 60,000 bbi/d. As 
shown for case 7, production might be in- 
creased to 850,000 bbl/d by providing sub- 
sidies that were sufficiently attractive to en- 
courage the participation of the ‘‘second gen- 
eration’ of developers—those who are not as 
technically advanced as Colony and Union, or 
who lack resources of equivalent quality. The 
total additional capacity indicated corre- 
sponds to about five additional major projects 
on private land. The Government could also 
become more directly involved in oil shale 


development by leasing additional tracts or 
by developing NOSR 1 (case 8). The industry’s 
capacity in 1990 could then reach 1 million 
bbl/d. 


In summary, reaching 200,000 bbl/d by 
1990 may not require the release of substan- 
tial tracts of Federal land, if the presently ac- 
tive projects are technically successful and if 
the economic outlook remains favorable. Only 
60,000 bbi/d of this capacity is assured. 
About 400,000 bbl/d might be achieved if ef- 
fective incentives were provided and test 
sites allocated for retorting demonstrations. 
Achieving 1 million bbl/d by 1990 might re- 
quire subsidies, land exchanges, permission 
to use offtract land for waste disposal and 
facility siting, and the leasing of additional 
tracts or the development of the Naval Oil 
Shale Reserves. 


Policies 


¢ To amend the Mineral Leasing Act of 
1920.—The Act could be amended to in- 
crease the acreage limitations, or to set the 
size of the tract according to the recover- 
able resources it contained. This might al- 
low more economies of scale, thereby im- 


proving economic feasibility. It might also 
allow the inclusion of a suitable waste 
disposal site within a tract’s boundaries 
while still providing adequate oil shale 
resources for sustained, large-scale opera- 
tions, thus avoiding the need for separate 


offtract disposal authorization. The num- 
ber of leases per person or firm could also 
be increased. This might provide additional 
encouragement to firms that do not own oil 
shale lands because it would allow them to 
acquire experience on one lease tract and 
then apply it to another while the first was 
still operating. A disadvantage would be 
that the number of firms participating in 
the leasing program could be reduced if a 
few firms acquired all of the leases. One 
option would be to increase the number to 
one lease per State. This might encourage 
a firm to develop a process in the richer de- 
posits in Colorado and then apply it to the 
poorer quality resources in Utah or Wyo- 
ming. 


To amend FLPMA.—FLPMA could be 
amended to allow including conditions 
(such as environmental stipulations and 
diligence requirements) in any oil shale 
land exchange agreement. This would im- 
prove the Government’s control over the 
exchanged parcel. It might also discourage 
private participation. 


To allow offsite land use for lease 
tracts.—Legislation could be provided to 
allow a lessee to use land outside of the 
boundaries of a lease tract for facility sit- 
ing and waste disposal. This might permit 
larger, more economical operations (in- 
cluding perhaps an open pit mine) and 
would maximize resource recovery on the 
tract. However, subsequent development 
of the offtract areas would be inhibited. 
(DOI estimated that Rio Blanco’s offtract 
disposal plan would reduce resource re- 
covery from the disposal area by about 5 
percent.) 


To lease additional tracts under the Proto- 
type Program.—There is no statutory lim- 
itation on the number of tracts that could 
be leased under the Prototype Program. 
However, DOI originally committed to leas- 
ing no more than six. Because two of the 
original tracts were not leased, offering 
two new ones might be justified, provided 
that the technologies to be tested were dif- 
ferent from the processes being developed 
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on the existing tracts. Leasing more than 
two more tracts, or leasing for the purpose 
of expanding near-term shale oil produc- 
tion, would encounter political opposition 
by the critics of rapid oil shale develop- 
ment. Leasing could begin sooner than un- 
der a new leasing program, if some of the 
potential lease tracts previously nominated 
were offered. A supplemental EIS would be 
required. Construction on the tracts could 
probably not begin until about 1985 and 
production no sooner than 1990. Consider- 
ation might be given to leasing a tract for 
multimineral operations, a process that is 
not being evaluated in any project at pres- 
ent. (One of the primary goals of the Proto- 
type Program is to obtain information 
about a variety of technologies.) 


To initiate a new, permanent leasing pro- 
gram.—An advantage would be that more 
production could be achieved than is possi- 
ble under the present Prototype Program. 
A full EIS and a new set of leasing regula- 
tions would be needed. Without the infor- 
mation to be acquired by completing the 
present Prototype Program projects, it 
might be difficult to prepare an accurate 
environmental assessment and to structure 
comprehensive leasing regulations. Pro- 
duction could probably not begin until after 
1990. Abandonment of the Prototype Pro- 
gram would be implied, which might engen- 
der political opposition. 


To expedite land exchanges.—The review 
and approval procedures could be expe- 
dited by, for example, setting up a task 
force within DOI specifically for oil shale 
proposals. 


Government development.—The Govern- 
ment could develop the Naval Oil Shale Re- 
serves. Unless this were done by leasing to 
private developers, it would involve compe- 
tition with private industry, and would en- 
counter political opposition. It would also 
be very costly because the public would 
have to pay the full cost of the facilities, 
and it might discourage independent ex- 
periments by private firms. Information 
useful in developing policies and regula- 
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tions for the industry would be obtained. vestment decisions. Some of the informa- 
However, because the Government’s expe- tion is being acquired in the present Proto- 
rience with financing and operating a facil- type Program. It could also be obtained in 
ity would be substantially different from additional leasing programs or through li- 
that of private developers, the information censing arrangements with the owners of 
might not be useful in evaluating private in- the technologies. 
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CHAPTER 8 


Environmental Considerations 


Introduction 


The region where oil shale development 
will take place is, at present, relatively un- 
disturbed. The construction and operation of 
plants would emit pollutants and produce 
large amounts of solid waste for disposal. As 
a consequence, air, water, and soil could be 
degraded and the topography of the land 
could be altered. The severity of these im- 
pacts will depend on the scale of the opera- 
tions and the kinds of processing technologies 
used, as well as the control strategies that 
must be adopted to comply with environmen- 
tal regulations. 


Control strategies have been proposed for 
purifying water and airborne emissions 
streams, for revegetation, for protecting wild- 
life, and for other specific areas of envi- 
ronmental concern. However, control tech- 
nologies that are applied to one area could 
adversely affect another area. For example, 
to control air pollution, airborne streams are 
scrubbed to capture dust and gaseous con- 
taminants. This produces sludges and waste- 
water that have to be disposed of along with 
other wastes. All of these have the potential 
to adversely affect the land and the water. 


Airborne pollutants, such as trace metals, 
might enter surface streams and ground 
water in fugitive dust and or rainfall and 
could alter the chemical and biological bal- 
ances of the water systems. Plant and animal 
life as well as human health could be harmed 
both by an increase in water contamination 
and by the entry of the contaminants into the 
food chain. Similarly, without adequate con- 
trols, the piles of solid waste could contami- 
nate the air and water through fugitive dust 


emissions and by the leaching of soluble con- 
stituents into surface and ground water sys- 
tems. Water quality could thus be degraded 
by altered nutrient loading, changes in dis- 
solved oxygen, and increased sediment and 
salinity. 


For these reasons, each potential environ- 
mental effect along with its control technol- 
ogy should be examined with respect to its net 
impact on the total environmental system. To 
do this requires full understanding of the 
separate impacts on air, water, and land, the 
interaction between the individual parts of 
the ecosystem, and the efficacy of the control 
strategies. Such an analysis needs a complete 
and accurate data base which is as yet un- 
available because no commercial oil shale 
plants have been built. OTA’s environmental 
analysis, therefore, is limited to examining 
the effects that an oil shale industry would 
have on the separate areas of air, water, 
land, and occupational health and safety. In 
order to provide a basis for policy analysis, 
the effects are quantified wherever possible 
and related to a production of 50,000 bbl/d. 
For each of the areas examined: 


e impacts of oil shale operations are de- 
scribed; 

e applicable laws and regulations are 
summarized, and their significance to oil 
shale analyzed; ) 

e control strategies proposed for compli- 
ance with the laws and regulations are 
described and evaluated; and 

e policies that could be focused on key is- 
sues and uncertainties are identified 
and discussed. 
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Summary of Findings 


Air Quality 


Because of the oil shale region’s rural character, 
its air is relatively clean and unpolluted. Occasional- 
ly, however, high concentrations of hydrocarbons 
(possibly from vegetation) and particulates from 
windblown dust occur. The development of a large oil 
shale industry (or any industrial or municipal growth) 
will degrade the air’s visibility and quality. Even if 
the best available control technologies are used and 
compliance is maintained with the provisions of the 
Clean Air Act, its amendments, and the applicable 
State laws, degradation will occur. It will take place 
not only near the oil shale facilities but also in nearby 
pristine areas (e.g., national parks, wilderness 
areas). Some places may be affected more than 
others from local concentrations of pollutants caused 
by thermal inversions. 


Findings of the analysis include: 


e Qil shale mining and processing will produce at- 
mospheric emissions including those pollutants 
for which National Ambient Air Quality Standards 
(NAAQS) have been established (i.e., sulfur diox- 
ide, particulates, carbon monoxide, ozone, lead, 
and nitrogen oxides); as well as various other cur- 
rently unregulated pollutants (such as silica, 
Sulfur compounds, metals, trace organics, and 
trace elements). 


e Under the Clean Air Act, oil shale development will 
have to comply with NAAQS and State air quality 
standards; maintain air quality, especially visibili- 
ty, in adjacent Class | areas (e.g., national parks): 
comply with prevention of significant deterioration 
(PSD) increments (these specify the maximum in- 
creases in the concentrations of sulfur dioxide and 
particulates that can occur in any region); comply 
with New Source Performance Standards (NSPS); 
and apply the best available control technology 
(BACT). 


A wide variety of control technologies could be ap- 
plied to the emissions streams from oil shale proc- 
esses. They are fairly well developed and have 
been successfully used in similar industries. They 
should be adaptable to the first generation of oil 
shale plants. However, full evaluation will not be 
possible until they have been tested in commer- 
cial-scale oil shale plants for sustained periods. 


e The costs of controlling air pollution will be par- 
ticularly sensitive to the strictness of the environ- 
mental regulations and to the design characteris- 
tics and size of each project. Preliminary estimates 
indicate that air pollution control could cost from 
$0.91 to $1.16/bbl of syncrude produced (rough- 
ly 3 to 5 percent of the selling price of the oil). 


The only means for predicting the long-range im- 
pacts of oil shale emissions on ambient air quality 
in the oil shale area and in neighboring regions are 
mathematical dispersion models, which are the 
Environmental Protection Agency’s (EPA) tool for 
enforcing the provisions of the Clean Air Act. Mod- 
eling of oil shale facilities presents a number of 
problems because of the topography and meteorol- 
ogy of the region, the chemistry of the emissions, 
and the unknown quantities of emissions expected 
from commercial-size facilities. In addition, dis- 
persion models developed to date have been pri- 
marily for flat terrain. Thus, their predictions con- 
tain significant inaccuracies. More R&D needs to 
be undertaken in this area. 


Even with the use of BACT, the industry’s capacity 
will be limited by the air quality standards govern- 
ing PSD. A preliminary modeling study by EPA has 
indicated that an industry of up to 400,000 bbi/d 
in the Piceance basin could probably comply with 
the PSD standards for Flat Tops (a nearby Class | 
area) if the plant sites were dispersed. Additional 
Capacity could be installed in the Uinta basin, 
which is at least 95 miles from Flat Tops. A 1-mil- 
lion-bbI/d industry could probably not be accom- 
modated because at least half of its capacity 
(500,000 bbI/d) would be located in the Piceance 
basin. Policy options to address this limitation in- 
Clude the application of more stringent emission 
Standards, changes in PSD increment allocation 
procedures, and amending the Clean Air Act. 


Water Quality 


Water quality is a major concern in the oil shale re- 
gion, especially in regard to the salinity and sediment 
levels in the Colorado River system. The potential for 
pollution from oil shale development could come from 
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point sources such as cooling system discharges; 
from nonpoint sources such as runoff and leaching of 
aboveground waste disposal areas and ground water 
leaching of in situ retorts; and from accidental dis- 
charges such as spills from trucks, leaks in pipe- 
lines, or the failure of containment structures. Un- 
less these pollution sources are properly controlled, 
the lowered quality of surface and ground water 
resources could adversely affect both aquatic biota 
and water for irrigation, recreation, and drinking. 


Specific findings include the following: 


e Surface discharge from point sources is regulated 
under the Clean Water Act, and ground water rein- 
jection standards are being promulgated under the 
Safe Drinking Water Act. Solid waste disposal 
methods may be subject to the Toxic Substances 
Control Act and the Resource Conservation and 
Recovery Act. The general regulatory framework is 
therefore in place, although no technology-based 
effluent standards have been promulgated for the 
industry under the Clean Water Act. Nonpoint 
sources present regulatory and technological diffi- 
culties, and at present are subject to less stringent 
controls. 


e Developers are currently planning for zero dis- 
charge to surface streams and to reinject only ex- 
cess mine water. This eliminates point discharge 
problems because most wastewater will be treated 
for re-use within the facility, and untreatable 
wastes will be sent to spent shale piles. The costs 
of this strategy are low to moderate, and develop- 
ment should not be impeded by existing regula- 
tions if it is used. 


e A variety of treatment devices are available for the 
above strategy, and many of them should be well- 
suited to oil shale processes. However, uncertain- 
ties exist regarding whether conventional methods 
would be able to treat wastewaters to discharge 
standards because they have not been tested with 
actual oil shale wastes under conditions that ap- 
proximate commercial production. There are also a 
number of uncertainties regarding the control of 
nonpoint pollution sources. For example, no tech- 
nique has been demonstrated for managing 
ground water leaching of in situ retorts, nor has 
the efficacy of methods for protecting surface dis- 
posal piles from leaching been proven. It is not 
known to what extent leaching will occur, but if it 
did, it would degrade the region’s water quality. 


e Although control of major water pollutants from 
point sources is not expected to be a problem, less 
is Known about the control of trace metals and tox- 
ic organic substances. Research is needed to as- 
sess their potential hazards and to develop meth- 
ods for their management. Other laboratory-scale 
and pilot-plant R&D should be focused on charac- 
terizing the waste streams, on determining the 
suitability of conventional control technologies, 
and on assessing the fates of pollutants in the 
water system. Extensive work is already under- 
way; its continuation is essential to protecting 
water quality, both during the operation of a plant 
and after site abandonment. 


Occupational Health and Safety 


The oil shale worker will be exposed to occupa- 
tional safety and health hazards. Many of these— 
such as rockfalls, explosions and fires, dust, noise, 
and contact with organic feedstocks and refined 
products—will be similar to those associated with 
hard-rock mining, mineral processing, and the refin- 
ing of conventional petroleum. However, the workers 
might be exposed to unique hazards due to the phys- 
ical and chemical characteristics of the shale and its 
derivatives, the types of development technologies to 
be employed, and the scale of the operations. Poten- 
tial risks include safety hazards that might result in 
disabling or fatal accidents, and health hazards 
stemming from high noise levels, contact with irritant 
and asphyxiant gases and liquids, contact with likely 
carcinogens and mutagens, and the inhalation of fi- 
brogenic dust. 


Specific findings include: 


e Only a few fatalities have occurred during the min- 
ing of over 2 million tons of shale and the produc- 
tion of over 500,000 bbl of shale oil. The accident 
rate has been one-fifth that for all mining, and 
much lower than that for coal mining. However, 
this record was achieved in experimental mines 
that employed, for the most part, experienced 
miners. Whether safety risks will increase or de- 
crease as mining activities are expanded cannot 
be predicted. 


e Although the carcinogenicity of oil shale dusts and 
crude shale oil has been demonstrated by some in- 
vestigators, the conflicting results of other studies 
combined with an overall lack of information pre- 
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clude a determination of the severity of the risk. 
The incidence of diseases in other industries indi- 
Cates that exposure to these materials could be 
hazardous. 


e The large variety of substances that will be en- 
countered in retorting may present as yet unde- 
tected health hazards. Of special concern is the 
possibility of carcinogens in shale oil and its de- 
rivatives. Possible synergistic effects from the 
products of modified in situ (MIS) operations 
(which combine mining with retorting) could in- 
crease the level of risk. 


e Shale oil refining poses no special hazards since 
most of its problems will be similar to those experi- 
enced in conventional petroleum refining. 


e Health and safety hazards will be reduced by 
using pollution control technologies for air and 
water pollutants and by requiring specific indus- 
trial hygiene practices. These are required by law 
and are expected to be implemented by oil shale 
developers. However, it is essential that R&D on 
the nature and severity of health effects keep pace 
with the development of the industry. Such infor- 
mation will be useful in identifying and mitigating 
long-term effects on workers and the public. 


Land Reclamation 


An industry will require land for access to sites, 
for the facilities, for mining, for retorting, for oil 
upgrading, and for waste disposal. The extent to 
which development will affect the land on and near a 
given tract will be determined by the location of the 
tract; the scale, type, and combination of processing 
technologies used; and the duration of the opera- 
tions. The facilities must comply with the laws and 
regulations that govern land reclamation and waste 
disposal. Nevertheless, there will still be effects on 
land conditions (through altered topography) and 
wildlife (through changes in forage plants and habi- 
tats). In addition, unless appropriate disposal and 
reclamation methods are developed and applied, the 
large quantities of solid wastes that will need to be 
handled could pollute the air with fugitive dust and 
the water with runoff and leachates from storage 
piles and waste disposal areas. 


Specific findings include: 


e Several approaches can be used to reduce the 
deleterious effects associated with the disposal of 
spent oil shale. These include reducing surface 
wastes by using in situ processing or returning 
wastes to mined out areas; the chemical, physical, 
or vegetative stabilization of processed shale; and 
combinations of the above. 


e Research has shown that vegetation can be estab- 
lished directly on processed oil shales. However, 
intensive management is required, including the 
leaching of soluble salts, the addition of nitrogen 
and phosphorus fertilizers, and supplemental wa- 
tering during establishment. Revegetating spent 
shale covered with at least 1 ft of soil is less sus- 
ceptible to erosion and does not require as much 
supplemental water and fertilizer. Adapted plant 
species are required for either option. 


e The long-term stability and character of the vege- 
tation is unknown, but research on small plots 
suggests that short-term stability of a few decades 
is likely if sufficient topsoil is added. 


e Reclamation plans will have to be site specific 
since environmental conditions vary from site to 
site. Proper management will be required in all in- 
stances, if only to maintain plant communities in 
surrounding areas. It is even more important in 
the reclaimed areas. 


¢ Shortages of adapted plants and associated sup- 
port materials such as mulches probably would 
occur if a large (ca. 1 million bbI/d) industry is es- 
tablished. The problem is compounded by the in- 
creasing demands from other mining operations 
such as coal and other minerals. 


e The Surface Mining Control and Reclamation Act 
provides for the kind of comprehensive planning 
and decisionmaking needed to manage the land 
disturbed by coal development. New reclamation 
standards that are applied to oil shale should pro- 
vide for postmining land uses that are ecologically 
and economically feasible and consistent with 
public goals. 
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Permitting 


During the past 10 years an increasingly complex 
system of permits has been developed to assist the 
Federal, State, and local governments in protecting 
human health and welfare and the environment. Per- 
mits are the enforcement tool established by Con- 
gress and the States to determine whether a pro- 
spective facility is able to meet specific requirements 
under the law. 


Operation of an oil shale facility requires more than 
100 permits from Federal, State, and local agencies. 
Included are those for environmental maintenance, 
for protection of worker health and safety, and for the 
construction and operation of any industrial facility 
(e.g., building code permits, temporary permits for 
the use of trailers, sewage disposal permits). Of 
these 100 permits, about 10 major environmental 
ones require substantial commitments of time and re- 
sources. 


Findings of the analysis include: 


e The time required for preparing and processing a 
permit application depends on the type of action 
being reviewed, the review procedures stipulated 
under the law, the criteria used by agencies to 
judge the application, and the amount of public 
participation and controversy that is brought to 
bear. If Federal land is involved, then an environ- 
mental impact statement (EIS) will most likely be 
required. The EIS process may take at least 9 
months after the developer applies for permission 
to proceed with the project. In the case of the cur- 
rent Federal lease tracts, additional time was 
needed to prepare detailed development plans 
(DDP) for approval by the Area Oil Shale Super- 


visor of the U.S. Geological Survey (USGS). Once 
the requirements for an EIS and DDP are satisfied, 
obtaining all of the needed permits can take more 
than 2 years. The project would not necessarily be 
delayed by the full length of the permitting sched- 
ule, because other predevelopment activities such 
as engineering design, contracting, and equip- 
ment procurement could proceed in parallel, if the 
developer were willing to accept the risk that some 
of the permits might not be obtainable. 


The principal problems encountered to date with 
the permitting process are related to the needs of 
the regulatory agencies for technical information 
and to differing interpretations of environmental 
law. Future problems may be more critical than 
those encountered thus far. Several relevant regu- 
lations are still pending that may increase costs or 
force changes in the design of process facilities or 
control technologies. They may also add to the 
control requirements. Another problem that might 
emerge is the ability of regulatory agencies to han- 
dle the increasing load of permit applications and 
enforcement duties. 


Several attempts are being made to simplify regu- 
latory procedures. These include the streamlining 
of permitting procedures within specific agencies; 
the design and testing of a permit review pro- 
cedure for major industrial facilities that will coor- 
dinate the reviews by Federal, State, and local 
regulators; and the proposed Energy Mobilization 
Board to expedite agency decisionmaking and re- 
duce the impacts of new regulatory requirements. 
Colorado has recently announced a joint review 
process designed to accomplish the first two of 
these ends. 


Air Quality 


Introduction 


The maintenance of air quality is neces- 
sary for the development of an environmen- 
tally acceptable oil shale industry. In this sec- 
tion: 


e The types of atmospheric contaminants 
produced by oil shale unit operations are 
characterized. 


e Rates are estimated for the generation of 
air contaminants. 


e The applicable Federal and State air 
quality regulations and standards are 
described. 


e The effects of these regulations and 
standards on a developing oil shale in- 
dustry are analyzed. 
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e The air pollution control technologies 
that may be applied to untreated emis- 
sion streams are described and evalu- 
ated. The net rates at which pollutants 
will be emitted in treated streams are es- 
timated. 

e Modeling procedures that may be used 
to predict and monitor compliance with 
air quality regulations are discussed. 

e Potential problems that commercial- 
scale operations may encounter in meet- 
ing standards are identified. 

e Key findings are summarized. 

e Policy options are discussed. 


Pollutant Generation 


Oil shale mining and processing will pro- 
duce atmospheric emissions including those 
pollutants for which NAAQS have been es- 
tablished: sulfur dioxide (SO.), particulates, 
carbon monoxide (CO), ozone (0;), lead, and 
nitrogen oxides (NO,); as well as various 
other currently unregulated pollutants, such 
as silica, sulfur compounds, metals, carbon 
dioxide (CO.), ammonia (NHs), trace organics, 
and trace elements. The following discussion 
examines the types of pollutants generated by 
each unit operation. Where data are avail- 
able, the rates at which these contaminants 
will be produced by different oil shale facil- 
ities are estimated. 


Unit Operations and Pollutants 


Mining can be carried out either using un- 
derground (room and pillar) or surface (open 
pit) methods. The sequential steps in room- 
and-pillar mining are drilling, blasting, muck- 
ing (collection of the blasted shale), primary 
crushing, and conveying the reduced shale to 
the surface for retorting. Potentially hazard- 
ous substances (silica, salts, mercury, lead) 
may be released during blasting. Methane 
may be released from underground gas de- 
posits, and CO, NOx, and hydrocarbons (HC) 
may be emitted by incomplete combustion of 
the fuel oil used both for blasting and in mo- 
bile equipment. In addition, particulates can 
be emitted as a result of blasting, raw shale 
handling and disposal, and activities at the 


minesite that produce fugitive dust (particu- 
late matter discharged to the atmosphere in 
an unconfined flow stream). 


Atmospheric emissions are expected to be 
much larger in open pit than in room-and- 
pillar mining because of the significantly 
larger quantities of solids that must be han- 
dled on the surface. The mine dust problem 
will be further aggravated by road dust from 
transportation of overburden, and wind- 
blown dust from all operations. 


Storage, transport, and crushing of oil 
shale result in the emission of particulates, 
CO, NOx, SO., and HC from fuel in diesel en- 
gines, and particulates and silica from fugi- 
tive dust. Dust is the chief pollutant. The 
amount generated depends on the grade of 
ore, the extent to which its size must be re- 
duced for retorting, the number of transfer 
points in the transportation system, and the 
level and effectiveness of control strategies 
used. 


Retorting technologies generate process 
heat by the combustion of fossil fuels, which 
produces a number of atmospheric emissions. 
The amount of SO, emitted depends on the 
sulfur content of the fuels used in the plant 
and the extent to which sulfur-containing 
product gases are treated. The volume and 
concentration of hydrogen sulfide (H.S), car- 
bonyl sulfide (COS), and carbon disulfide 
(CS.) in the offgas streams from retorts de- 
pend on the type of retorting technology. COS 
has been detected in the offgases from Law- 
rence Livermore Laboratory’s simulated MIS 
retorts and trace quantities of COS and CS, 
have been reported in the offgases from the 
Occidental MIS process under certain oper- 
ating conditions. It is not known whether the 
retort offgases from the Paraho, Union ‘‘B,”’ 
TOSCO II, or Superior processes contain COS 
or CS:. 


The major source of NO, emissions is the 
combustion of fuel in boilers, air compres- 
sors, and diesel equipment. The specific lev- 
els depend on the combustor design, the ex- 
tent of onsite fuel use, and the nitrogen con- 
tent of the fuels used to produce process heat 
or steam. Most of the fuels consumed in oil 
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shale plants will be produced onsite. Both di- 
rectly heated aboveground retorts (AGR) and 
MIS generally produce sufficient low-Btu gas 
to meet retorting requirements, plus an ex- 
cess for other onsite uses such as power gen- 
eration. Indirectly heated aboveground re- 
torts produce less fuel gas, but it has a higher 
heating value. In either case, it is possible 
that some shale oil will be burned for process 
heat. Since both retort fuels (gases and shale 
oil) contain nitrogen, they could potentially 
emit more NOx. 


HC and CO will be emitted primarily in the 
exhausts of mobile equipment and in flue 
gases from boilers and other combustors. HC 
will also be emitted in vapors from oil storage 
tanks, pumps, flanges, seals, and compres- 
sors, and CO by blasting and rubblization 
during the preparation of MIS retorts. Emis- 
sion levels from storage tanks should not vary 
with the type of retorting technology. The 
other HC and CO sources have a dependence 
on retorting technology that is similar to that 
described for NO,. Equipment-related emis- 
sions are a function of the amount of solids 
that need handling on the surface. 


The quantities and the chemical properties 
of the particulates emitted vary with retort- 
ing technologies. Retorts like TOSCO II that 
require fine shale feed and produce very fine 
retorted shale, produce the largest amounts. 


The pyrolysis of an organic material like oil 
shale kerogen produces a certain amount of 
polycyclic organic matter (POM). POM, which 
is found in conventional crude oils, has also 
been found in the carbonaceous retorted 
shales from TOSCO II, Union ‘‘B,’’ and Para- 
ho indirect retorts. It is rarely found in re- 
torted shale that has been subjected to a 
strong oxidizing environment such as that en- 
countered in the Paraho direct retort. 


Trace elements (particularly the heavy 
metals) may be released by retorting opera- 
tions. Compared with average rocks, Green 
River oil shale contains much higher levels of 
selenium and arsenic; moderately higher lev- 
els of molybdenum, mercury, antimony, and 
boron; and lower levels of cobalt, nickel, 


chrome, zirconium, and manganese.’ At typi- 
cal retorting temperatures (ca. 900° F (480° 
C)), it is generally accepted that most trace 
elements are not volatilized. They leave the 
retort in the spent shale product and in par- 
ticulates entrained in retort gases and shale 
oil. Possible exceptions are antimony, arse- 
nic, beryllium, boron, copper, fluorine, lead, 
mercury, nickel, selenium, and zinc, which 
could leave the retort as vapor and be con- 
densed in the liquid product.2 The heavy 
metals in raw shale oil are of economic con- 
cern because they tend to destroy the effec- 
tiveness of the catalysts used for refining.* 
Their removal is not expected to present any 
major problems to the refiner. Several propri- 
etary techniques are available for this pur- 
pose. It has also been recognized that refining 
catalysts need careful disposal because they 
may contain nickel, cobalt, molybdenum, 
chromium, iron, and zinc, in addition to trace 
elements captured from the shale oil. Emis- 
sions can occur during the onsite regenera- 
tion of these catalysts and during the disposal 
of spent catalysts in landfill operations. 


Upgrading, refining, gas cleaning, and 
power generation produce such pollutants as 
CS,, COS, SO,, HLS, NHs, and HG: with HC 
being the dominant fugitive emission.’ Par- 
ticulates such as fly ash are also produced. 


The handling and disposal of raw and re- 
torted shale could create serious fugitive dust 
problems. This dust may contain harmful par- 
ticulates and possibly POM. The problems 
are most severe for technologies like TOSCO 
II that produce very fine spent shale. Dust 
production should be less of a problem with 
aboveground retorts like those of Paraho and 
Union ‘‘B’’ that produce coarse spent shale. 
They should be even less significant for MIS 
because spent shale will remain underground 
and will not be subjected to wind erosion. 


The Amounts of Pollutants Produced 


It is difficult at present to estimate the 
quantities of air contaminants that would be 


*Refinery modifications to mitigate this problem are dis- 
cussed in ch. 5. 
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produced by a commercial-size oil shale facil- 
ity. The only field measurements that have 
been made to date have been for the small- 
scale, short-term pilot-plant or semiworks 
operations of Colony Development, Paraho, 
and Occidental Oil Shale.‘ These facilities do 
not simulate normal operating conditions in a 
full-size facility, and the measurements that 
have been made have been mostly of the regu- 
lated pollutants. Only a few of the nonregu- 
lated pollutants such as trace elements have 
been measured, and those measurements 
that have been reported show considerable 
variation. Pollution production estimates 
must therefore be confined to regulated pol- 
lutants and must strongly rely on theoretical 
calculations. 


The quantities of pollutants produced in an 
industrial facility can be estimated by apply- 
ing pollutant generation factors to the mass 
flows of material through the plant. The pro- 
cedure used for the calculation, although an 
approximation, gives estimates of the prob- 
lem’s scope. Generation factors obtained 
from the literature were applied to the mass 
balances published for Colony’s proposed 
TOSCO II retorting plant on Parachute Creek, 
for Rio Blanco’s combination of MIS and AGR 
processing on tract C-a, and for the Occiden- 
tal MIS operation on tract C-b. All flows were 
scaled to a uniform production level of 50,000 
bbl/d of shale oil syncrude. The results are 
summarized in tables 34 through 36. Note 


that the tables show levels of pollutant gener- 
ation, not pollutant release. 


Of the three designs—Colony, Rio Blanco, 
and Occidental—Colony produces the largest 
amount of particulates. This plan uses both 
the most underground mining and TOSCO II 
AGR, which requires a fine shale feed and 
produces a very finely divided shale. This 
retorting method is also responsible for Col- 
ony’s exceptionally high production of HC. In 
the TOSCO II retorting system, vaporized 
shale oil and gases evolved during pyrolysis 
are stripped of high molecular weight HC in a 
condenser, and then burned to reheat the 
heat carrier balls. Because combustion is in- 
complete, lighter weight HC are entrained in 
the offgas stream from the ball heater. 


In generating steam for power, the Occi- 
dental design in which large quantities of 
low-Btu gas are burned produces the most 
NO, emissions. Rio Blanco, which plans to 
burn coke from the upgrading units, produces 
less NO, but more particulates. Colony’s on- 
site pollutant production in this step will be 
negligible because it plans to purchase most 
of its electricity from offsite powerplants. 


The emission of SO2, produced in the NH; 
and sulfur recovery processes, is about the 
same for all three designs. Although both Col- 
ony’s and Rio Blanco’s CO emissions are high- 
er than Occidental’s, the differences are not 
significant. 


Table 34.—Pollutants Generated by the Colony Development Project? (pounds per hour)? 


Operation 

Migingg ass > on as ae Ue att De eee 1,480 
Shaleipreparation (Hie ae See ae, 5 & 15,940 
ELOTINGS? fs thin? Jalen er de st ede tai 11,440 
Spent shale treatment and disposal ....... 1,350 
UDQtGr ay iteror cn ae Bison? oa Oe ee trace 


Ammonia and sulfur recovery?........... 
Product storagent seit aaa epee eae 


SleamiandiNOWei a eae ee ees _ 


HYGrogen|productioniesss a 4.8... heen 


Ota oe sence cs ae eat th of eee eee ae ee 30,220 


Table shows the level of pollutant generation, not pollutant release. 


Particulates 


S0, NO, HC CO 
0 250 50 440 

0 0 0 0 

150 1,430 480 60 

0 130 10 0 
10 20 10 trace 
32,200 0 0 0 
0 0 150 0 

30 80 trace 10 
32,390 1,910 700 510 


Room-and-pillar mining; TOSCO II retorting; scaled to 50,000 bbi/d of shale oil syncrude production. 


Figures do not include components of the product gas and vapor stream. 


SO, equivalent of H,S in retort gas stream. 


SOURCE: T. C. Borer and J. W. Hand, /dentification and Proposed Control of Air Pollutants from Oil Shale Operations, prepared by the Rocky Mountain 
Division, The Pace Company Consultants and Engineers, Inc., for OTA, October 1979. 
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Table 35.—Pollutants Generated by the Rio Blanco Project on Tract C-a@ (pounds per hour)® 


Operation 

MFI GU Pete the Paced See AE oe tak 1,050 
Shale preparatlonaweascy. saen eeleeetite: 7,200 
GLO G Charaae te ra ae, NN: ce 8,900 
Spent shale treatment and disposal ....... 650 
Wp grdaingee wae ars = 5 ok, herrea em: 


Ammonia and sulfur recovery?........... 
PrOOUCL S\OLACR nee emdak ek oe eiee coaeoous 


Seal and DOWSl=ny waza eins a. Me. 210 
Hydrogen production tess 4. cee. asc cet = 
TOtal ee, on Pesca ee eR Ate, tg 18,017 


Particulates 


$0, NO, HC CO 
4 340 80 430 

0 200 0 0 

52 320 100 0 

0 0 0 0 

0 7 13 0 
19,200 0 0 0 
0 0 105 0 

250 1,220 13 0 
19,506 2,087 311 430 


plable shows the level of pollutant generation, not pollutant release. 
Underground mining; modified in situ and TOSCO II aboveground retorting; scaled to 50,000 bbi/d of shale oil oe 


CFigures do not include components of the product gas and vapor stream. 
SO, equivalent of H,S in retort gas stream. 


SOURCE: T. C. Borer and J. W. Hand, /dentification and Proposed Control of Air Pollutants from Oil Shale Operations, prepared by the Rocky Mountain 
Division, The Pace Company Consultants and Engineers, Inc., for OTA, October 1979. 


Table 36.—Pollutants Generated by the Occidental Operation on Tract C-b# (pounds per hour) 


‘Operation Particulates S0, NO, HC CO 
Miningtisg is Se cece dere: kkeeates Gaetan, 4,540 0 300 120 180 
RawishalesclSpOSali:cande cus sear ysdion eyAcee 450 0 100 10 0 
REOTUM Ome eee teeth re cue a otra cae 0 0 0 0 
UD GTACING Re oie tan woes MOLE Geen eees 10 80 trace 10 
Ammonia and sulfur recovery?........... 24,000 0 0 0 
POQUGTISLOlA0G Sass ge bu ece ie 0 0 80 0 
SIGdIAN WOW Cletean ste meets een one re trace 2,800 0 0 
HYCrOgEN PrOGUCTIONA. sae. sete een 20 220 20 20 

GOALS NOS oe Pv meee ae SY hae 5,100 24,030 3,500 230 210 


Table shows the level of pollutant generation, not pollutant release. 


Underground mining; modified in situ retorting; scaled to 50,000 bbi/d of shale oil syncrude. 


figures do not include components of the product gas and vapor stream. 
dso, equivalent of H,S in retort gas stream. 


SOURCE: T. C. Borer and J. W. Hand, /dentification and Proposed Control of Air Pollutants from Oil Shale Operations, prepared by the Rocky Mountain 
Division, The Pace Company Consultants and Engineers, Inc., for OTA, October 1979. 


It should again be noted that the tables 
| show the amounts of pollutants generated, 
| not the amounts released. Pollutant emissions 
are regulated by laws and standards, which 
are discussed in the next section. Compliance 
with these laws and standards requires pollu- 
tion control technologies, which are dis- 
_cussed later in the chapter. 


Air Quality Laws, Standards, 
and Regulations 


Introduction 


The existing and proposed regulations and 
standards governing air pollution from the oil 
shale industry are discussed here because 
they will affect the design and operating 
characteristics of oil shale facilities. They 


may also act to constrain the ultimate size of 
the oil shale industry. 


Air quality regulation is called for by the 
Federal Clean Air Act of 1970, as amended in 
1977, hereafter referred to as the “‘Act.’’ Reg- 
ulations and standards arising from this Act 
are implemented at the Federal level by EPA 
and at State levels in conjunction with addi- 
tional regulations and standards imposed by 
the individual States. The following discus- 
sion first highlights major provisions of the 
Act, and then analyzes those that are particu- 
larly significant for oil shale development. 


Highlights of the Amended Clean Air Act 


The Clean Air Act, as amended, estab- 
lishes a national program to regulate air 


264 ¢ An Assessment of Oil Shale Technologies 


pollution in order to maintain or improve air 
quality. The Act is universally applicable, but 
its provisions are most strongly directed to 
those areas having the cleanest air (nondeg- 
radation areas) and those where air pollution 
may be hazardous to public health (nonattain- 
ment areas). The major elements of the pro- 
gram established by the Act are: 


e the establishment of NAAQS for criteria 
air pollutants, 

e the submission by each State of a State 
implementation plan (SIP) to achieve and 
maintain Federal air quality standards, 

e the preconstruction review of major new 
stationary sources, and 

e PSD. 


National ambient air quality standards.— 
Regulation under the Act focuses on six cri- 
teria pollutants: particulates, SO., CO, NOx, 
Os, and lead. Two types of ambient air quality 
standards are designated: primary stand- 
ards, which protect human health; and sec- 
ondary standards, which safeguard aspects 
of public welfare, including plant and animal 
life, visibility, and buildings. The Act sets 
forth an exact timetable by which primary 
standards are to be met. Secondary stand- 
ards are to be met on a more flexible sched- 
ule. 


To achieve air quality goals, areas with air 
cleaner than NAAQS were divided into 
Classes I, II, and III. Certain Federal areas 
that existed when the Act was passed (e.g., 
national parks, wilderness areas) were imme- 
diately designated as Class I areas where air 
quality was to remain virtually unchanged. 
All others were designated as Class II—areas 
in which some additional air pollution and 


moderate industrial growth were allowed. In-. 


dividual States or Indian governing bodies 
can redesignate some Class II areas to Class 
I1J—areas in which major industrial develop- 
ment is foreseen and contamination of the air 
up to one-half the level of the secondary 
standards would be permitted. The States or 
Indians can also redesignate Class II areas as 
Class I. Either type of redesignation is subject 
to hearings and consultations with the man- 


agers of affected Federal lands (and States in 
the case of Indian action). 


The classification of an area with respect 
to the ambient air quality has important con- 
sequences. The Act divided the Nation into 
247 air quality control regions (AQCRs) so 
that pollution control programs could be lo- 
cally managed. Compliance with an NAAQS 
is generally determined on an AQCR basis, 
but EPA allows smaller area designations for 
some pollutants, if that is more suitable for 
controlling pollution. 


These AQCR designations are highly signif- 
icant. Regions that are found by EPA to be in 
nonattainment status—areas where air pol- 
lution presents a danger to public health— 
are subject to a particular set of restrictions 
under the Act. On the other hand, nondegra- 
dation regions—where air is cleaner than the 
standards—are subject to a different set of 
regulations, which are intended for ‘‘preven- 
tion of significant deterioration.’’ Regardless 
of an area’s classification, almost every new 
major source of pollution is required to 
undergo a preconstruction review. 


State implementation plan.—Each State 
must submit an implementation plan for com- 
plying with primary and secondary stand- 
ards. A State can decide how much to reduce 
existing pollution to allow for new industry 
and development. State plans must also in- 
clude an enforceable permit program for reg- 
ulating construction or operation of any new 
major stationary source in nonattainment 
areas, or significant modification to an exist- 
ing facility. New processing plants and power 
stations must also satisfy emission standards 
set forth in the SIP. 


Preconstruction review of major new sta- 
tionary sources.—Under the SIP, each new 
construction project is subjected to five types 
of preconstruction review. The objective of 
the review process is to determine: 


¢ compliance with NAAQS and State Air 
Quality Standards (AQS); 

¢ compliance with any applicable NSPS; 

e suitability for a nonattainment area; 


Oe 


e suitability for a nondegradation area. 
(PSD regulations, including the use of 
BACT and PSD increments* will apply); 
and 

e visibility. 

The major elements of these preconstruction 
review procedures are: 


e Review for compliance with NAAQS. 
The applicant must submit plans and 
specifications for review that show: 
methods of operation, quantity and 
source of material processed, use and 
distribution of processed material, and 
points of emission and types and quanti- 
ties of contaminants emitted; a descrip- 
tion of the pollution control devices to be 
used; an evaluation of effects on ambient 
air quality and an indication of compli- 
ance with PSD restrictions; and plans 
for emission reduction during a pollution 
alert. A permit will not be given if it is 
shown that the source will interfere with 
the maintenance of any ambient air 
quality standard or will violate any State 
air quality regulation. 

e Review for compliance with NSPS. The 
Act directed EPA to set national stand- 
ards for fossil fuel powerplants, refin- 
eries, and certain other large industrial 
facilities. If NSPS have been established 
for the new source, it must be shown 
that the facility will not interfere with 
the attainment or maintenance of any 
standard and that BACT will be used for 
reducing pollution. 

e Review in nonattainment areas. In non- 
attainment areas, a new facility may be 
built only if: by the time operations com- 
mence total emissions from it, and other 
new and existing sources, will be less 
than the maximum allowed under SIPs; 
the source complies with the more strin- 
gent of either emission limitations re- 
quired by the State or achieved in prac- 
tice by such a source; and the owner or 
operator demonstrates that all other ma- 


*In part BACT is required to assure that no single facility 
will consume the entire PSD increment. 


63-898 0 - 80 - 18 
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jor stationary sources owned or oper- 
ated by him in the State comply with 
emission limitations. 


e Review in nondegradation areas. This 
type of review, which concerns PSD, is 
discussed below. 


The prevention of significant deteriora- 
tion.—All SIPs must specify emission limita- 
tions and other standards to prevent signifi- 
cant air quality deterioration in each region 
that cannot be classified for particulates or 
SO., or has air quality better than primary or 
secondary NAAQS for other pollutants, or 
cannot be classified with regard to primary 
standards because of insufficient informa- 
tion. 


Under these PSD standards, maximum al- 
lowable increases in concentration of SO, 
and particulates are specified for each area 
class. For the other criteria pollutants, max- 
imum allowable concentrations for a speci- 
fied period of exposure must not exceed the 
respective primary or secondary NAAQS, 
whichever is stricter. 


A State can redesignate a Class II or III 
area with respect to PSD only if it follows cer- 
tain procedures. These include an assess- 
ment of the impacts of the redesignation, pub- 
lic notice and hearings of such a redesigna- 
tion, and approval by EPA. 


If a facility’s construction began after Jan- 
uary 1, 1975, a special preconstruction re- 
view must be undertaken if it is located in a 
nondegradation area. To obtain a permit for 
such a facility, an applicant must demon- 
strate that it will not cause air pollution in ex- 
cess of NAAQS or PSD standards more than 
once per year in any AQCR. BACT must be 
used for all pollutants regulated by the Act, 
and the effects of the emissions from the fa- 
cility on the ambient air quality in the areas 
of interest must be predicted. The air quality 
impacts that could be caused by any growth 
associated with the facility must also be ana- 
lyzed. 
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Implications of the Clean Air Act for 
Oil Shale Development 


The following provisions of the Act have 
particular significance for oil shale develop- 
ment: 


e compliance with NAAQS and State AQS; 

e maintenance of air quality, especially 
visibility, in adjacent Class I areas (e.g., 
national parks); 

e¢ compliance with PSD increments; 

¢ compliance with NSPS; and 

e the application of BACT. 


National Ambient Air Quality Stand- 
ards.—Ambient air quality standards pro- 
mulgated by individual States cannot be less 
stringent than the national standards. Thus, 
the States set the controlling standards if 
there is an approved SIP. Utah’s standards 
are identical to the national standards, while 
Colorado and Wyoming have set more strin- 
gent standards for a number of the criteria 
pollutants. Table 37 shows both the national 
standards (the same for Utah), and Colo- 


rado’s and Wyoming’s standards. In addition 
to the standards shown for Wyoming, the 
State has also promulgated regulations to 
limit ambient concentrations of H.S, hydro- 
gen fluoride, and other pollutants. The stand- 
ards are more relevant to large coal-fired 
powerplants than they are to oil shale proc- 
essing. 


Since the national standards are primarily 
directed to urban areas, they should not seri- 
ously restrict oil shale development in the 
near future. The annual-average pollution 
levels allowed by ambient standards are 
much higher than the values normally meas- 
ured in the oil shale development area. How- 
ever, the short-term standards for particu- 
lates and HC are occasionally exceeded by 
natural emissions such as windblown dust 
and HC aerosols produced by revegetation. 
Such naturally caused infractions of NAAQS 
could have restricted regional development. 
They actually did affect oil shale development 
schedules on the four lease tracts located in 
Colorado and Utah. According to the provi- 


Table 37.—The Federal and State Ambient Air Quality Standards and Prevention of Significant Deterioration 
Standards That Influence Oil Shale Development (concentrations in micrograms per cubic meter) 


Ambient air quality standards 


Prevention of significant 
deterioration standards® 


Federal (primary) | Federal (secondary) Federal 
Pollutant human health public welfare Wyoming? Colorado? Utaha (Class |) (Class II) 
$0, 
Annual arithmetic mean. .... 80 None 60 80 80 2 20 
24-hourmaximum ........ 365 None 260 365 365 5 91 
3-hourmaximum......... None 1,300 1,300 700 None 25 512 
Particulates 
Annual geometric mean..... 75 60 60 45 75 5 19 
24-hourmaximum ........ 260 150 150 150 260 10 37 
NO, (as NO.) 
Annual arithmetic mean... . . 100 100 100 100 100 None None 
Oxidants (as 0;) 
TshOUl ra Sehr aee Maeaeees 240 240 160 160 240 None None 
CO 
8-hourmaximum ......... 10,000 10,000 10,000 10,000 10,000 None None 
1-hOURIMAXIMUN is ueuetrcmns 40,000 40,000 40,000 40,000 40,000 None None 
Lead 
Quarteny acs ace Ware rests Abie 1.5 185 ile) ites, None None 
Nonmethane hydrocarbons 
3-hour maximum (6-9 am).. . 160° 160° 160° 160° 160° None None 


4State ambient air quality standards are identical to the Federal primary standards unless printed in italics. The stricter standard is the controlling standard. 


DNot a standard, a guide to show achievement of 0, standard. 
CAllowable incremental change in ambient concentration. 
SOURCE: Office of Technology Assessment. 


sions of the Act, the tracts and their environs 
were nonattainment areas. As such, they 
were not subject to any additional develop- 
ment. This potential barrier was cited by 
some of the tract lessees in their requests for 
activity suspensions in the fall of 1976. 


In December 1976, EPA ruled that new de- 
velopment could proceed in a nonattainment 
area if the developer would offset new emis- 
sions by reducing the same emissions from an 
existing source in the same area. Although 
possibly applicable to urban or industrialized 
areas, such a policy was not relevant to the 
oil shale regions because there are no sub- 
stantial existing industries against which to 
offset oil shale emissions. EPA made a subse- 
quent ruling in July of 1977 that air quality 
problems arising from natural sources would 
not preclude oil shale development, providing 
that facilities complied with emission and 
PSD standards. The history of this ruling and 
its effects are discussed in detail in the 
analysis of the Prototype Oil Shale Leasing 
Program. (See vol. II.) 


A second consideration is the visibility pro- 
tection afforded to Federal mandatory Class I 
areas under the Act. Regulations are to be 
promulgated by EPA by November 1980, and 
by the States by August 1981. These regula- 
tions may affect the siting of future oil shale 
facilities. 


Compliance with standards for PSD.—PSD 
standards exist for Class I, II, and III areas. 
The oil shale area is a Class II region, which 
means that some additional pollution will be 
allowed, but pollution up to the level of ambi- 
ent air quality standards will not be accept- 
able. EPA’s PSD standards define the max- 
imum allowable increases in SO, and particu- 
late concentrations. These standards are 
shown in table 38. 


In summary, an oil shale facility will have 
to meet the PSD requirements for Class II 
areas, and moreover, it will not be allowed to 
degrade air quality in nearby Class I areas 
beyond the limits specified under the PSD 
provisions of the Act. Because most pollut- 
ants emitted by oil shale facilities can travel 
long distances, the stringent PSD increments 
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Table 38.—National Standards for Prevention of 
Significant Deterioration of Ambient Air Quality 
(concentrations in micrograms per cubic meter) 


Maximum allowable increase 


Pollutant@ Averagingtime Class!  Classll Class III 
Particulates. .... Annual 5 19 37 
24 hour 10 37 75 
SOS er ee Annual 2 20 40 
: 24 hour 5 91 182 
3 hour 25 512 700 


aEPA is presently developing incremental standards for HC, CO, 03, NO,, and Pb. 


SOURCE: Environmental Protection Agency Work Group, Pollution Control Guidance for Oil Shale 
Development: Appendices to the Revised Draft, EPA, Cincinnati, Ohio, July 1979, p. 
D-17. 


for Class I areas could affect the siting of oil 
shale facilities. Figure 59 shows the Class I 
areas located near oil shale country in Col- 
orado, Utah, and Wyoming. The two Colorado 
areas nearest the oil shale deposits are the 
existing Flat Tops Wilderness and the pro- 
posed Dinosaur National Monument. 


Preconstruction review for oil shale facil- 
ities.— Under the Clean Air Act, each new oil 
shale plant must be evaluated during a pre- 
construction review to determine its ability to 
comply with NAAQS and PSD regulations. 
Projected emission levels will be regulated by 
EPA’s NSPS, State emission standards, and 
the mandated use of BACT. 


At present, there are no Federal emission 
standards that deal specifically with oil shale 
operations. However, NSPS have been devel- 
oped for fossil-fuel-fired steam generators, 
petroleum refineries, and Refinery Claus 
Sulfur Recovery Plants. Table 39 lists the ex- 
isting and proposed NSPS for these facilities 
as a guideline to what might be considered 
for oil shale plants. In addition, Colorado has 
developed emissions standards for shale oil 
production and refining that limit the sum of 
all SO, emissions from a given facility to 0.3 
Ib/bbl of oil produced or processed. Plants 
smaller than 1,000 bbl/d are exempt. Another 
Colorado regulation limits H.S ambient con- 
centrations from all shale oil plants to 142 
micrograms per cubic meter (142 yg/m* or 0.1 
p/m). Utah and Wyoming do not have applica- 
ble emission limits. BACT standards have 
been developed by EPA for those oil shale fa- 
cilities that have applied for PSD permits, as 
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Figure 59.— Designated Class | Areas in Oil Shale Region 
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AREA DESIGNATIONS 


Federal Mandatory Class | Areas: 1, 2, 3, 4, 6 
Colorado Class | Areas: 5, 6, 8 
Draft Proposed (NPS) Class | Areas: 6, 8 


CLASS | AREAS 


1. Flat Tops Wilderness 5. Black Canyon of the 
2. Mount Zirkel Wilderness Gunnison Monument 
3. Maroon Bells—Snowmass Wilderness 6. Colorado National Monument 
4. West Elk Wilderness 7. Arches National Park 
8. Dinosaur National Monument 


SOURCE: Environmental Protection Agency Work Group, Pollution Contro! Guidance for Oil Shale Development: Appendices to the Revised Draft, U.S. Environmental 
Protection Agency, Cincinnati, Ohio, July 1979, p. D-41. 
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Table 39.—National New Source Performance Standards for Several Types of Facilities? 


Operation Pollutant Removal or emission standard Status 
Fossil fuel fired steam generators® _—_— Particulates 0.1 1b/m Btu Existing 
S02, NO, 0.8 1b/m Btu for gaseous fuels; 0.3 lb/m Btu for liquid fuels 
Petroleum refineries HS 0.1 gr/scf (dry) Existing 
HC Floating roof tanks or vapor recovery systems if true vapor 
pressure is between 1.5 and 11.1 Ib;/in?a and reporting 
system only if pressure is less than 1.5 |b,/in?a 
Refinery Claus sulfur recovery plants H,S 0.1 gr/scf (dry) Existing 
Sulfur 250 p/m SO, for oxidation systems; 300 p/m total sulfur and 


10 p/m H,S for reduction systems 


Gas turbines NO, 75 p/m at 15% oxygen Proposed for units over 10 
S0, 150 p/m m/Btu per hour 
Gasification plants Sulfur 99.0% removal and 250 p/m total sulfur Guideline 
HC 100 p/m 
Field gas processing units H,S 160 p/m Proposed 
S0, 250 p/m for oxidation systems 
Sulfur 300 p/m for reduction systems 


Presented as a guide to what might be considered for oil shale facilities. 
Ibs/in?a = pounds per square inch absolute; p/m = per million; scf = standard cubic feet. 
Standards for fossil fuel fired steam generators being revised. 


SOURCE: Environmental Protection Agency Work Group, Pollution Control Guidance for Oil Shale Development: Appendices to the Revised Draft, EPA, Cincinnati, Ohio, July 1979, p. D-34. 


shown in table 40. These standards specify 
levels of removal efficiency for specific 
pollutants, and in some cases also define the 
maximum concentration that will be allowed 
in the emitted stream. 


In summary, oil shale facilities will have to 
undergo preconstruction review. BACT will 
be required for all pollutants regulated by the 
Act, and plants will have to comply with am- 
bient air quality and PSD standards for Class 
II areas. Facility siting might be affected by 
PSD standards in adjacent Class I areas. The 
effects of visibility standards, which have yet 


Table 40.—EPA Standards for Best Available Air Pollution 
Control Technologies for Oil Shale Facilities» 


Maximum emissions 


15 p/m H,S (reduction systems) 
250 p/m SO, (oxidation systems) 
Particulates . 99.0% from combustion No standard 
gas streams 
99.8% from materials- 
handling gas streams 
Fugitive dust control 


Pollutant Removal requirement 
EY ew 99.0% total recovery 


BI ee hires. as Complete combustion 0.5 |b/mBtu 
BE nc gs Complete combustion No standard 
Bote. Complete combustion No standard 


45/m = parts per million. 
OThese standards have been used in EPA’s PSD decision process in the past. 


SOURCE: Environmental Protection Agency Work Group, Pollution Control Guidance for Oil Shale 
Development: Appendices to the Revised Draft, EPA, Cincinnati, Ohio, July 1979, p. 
D-35. 


to be promulgated, cannot be determined at 
this time. 


Air Pollution Control Technologies 


In order to comply with the air quality laws 
and regulations, oil shale facilities will have 
to control their pollutant emissions. Various 
aspects of pollutant control are discussed in 
this section. 


e The control technologies that can be 
used to reduce emissions of particulates, 
H.S, sulfur compounds, NO,, HC, and CO 
are described, and their potential appli- 
cations to oil shale mining and process- 
ing are discussed. 

e The technological readiness of these 
techniques are evaluated. 

e The costs of air pollution control in com- 
mercial-scale oil shale plants are esti- 
mated. 


Technologies and Applications 


DUST CONTROL 


Water sprays.—Water sprays can be used 
to control fugitive dust. If adjusted properly, 
no surface runoff will result. Water sprays 
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are about 80-percent efficient for particles 
larger than about 5 microns,* but less so for 
smaller ones. Adding a wetting agent reduces 
the surface tension and improves the wetting, 
spreading, and penetrating characteristics of 
the water, increasing efficiency to 90 to 98 
percent. Chemical binders, such as latex or 
bitumastics, can also be added. They aid in 
particle agglomeration and also increase the 
efficiency of removal. Water sprays, with or 
without chemical additives, are potentially 
applicable to raw and spent shale storage 
and disposal, to crushing and screening, to 
mining and blasting, and to surface trans- 
portation. They could also control traffic dust 
from temporary roads. Larger, more heavily 
traveled roads would probably need to be 
paved. 


Cyclones.—Cyclone separators remove 
dust by means of centrifugal force. Single cy- 
clones remove about 90 percent of the larger 
particles, but less than 50 percent of those 
smaller than about 10 microns. Their removal 
efficiencies could be increased by using sec- 
ond-stage cleaning in scrubbers, filters, or 
precipitators. Cyclones will be used largely to 
clean retort gases, and possibly for primary 
dust control in crushers and enclosed convey- 
ors. 


Scrubbers.—Wet scrubbers use water to 
remove dust entrained in gas streams. Many 
different types of devices are available, in- 
cluding spray chambers, wet cyclones, me- 
chanical scrubbers, orifice scrubbers, ven- 
turi scrubbers, and packed towers. High-en- 
ergy venturi scrubbers are probably the only 
type that have sufficiently high removal effi- 
ciencies to satisfy emissions standards. Effi- 
ciencies between 93.6 and 99.8 percent have 
been achieved for particles smaller than 5 
microns, but these efficiencies entail high 
pressure losses and constant gas flow rates. 
Scrubbers require considerably more energy 
than baghouse filters or electrostatic precipi- 
tators. Scrubbers for particulate removal will 


*A micron is one-millionth of a meter. Removal efficiencies 
for different particle sizes are important because effects on 
respiration and visibility vary with the particle size. 


probably be used for gas streams from re- 
torts and solid heaters. 


Baghouse filters.—Fabric filters are gen- 
erally used where higher removal efficiency 
is required for particles smaller than about 
10 microns. A large number of bag-shaped fil- 
ters would be needed to clean large gas flows. 
In general, all of the filters would be enclosed 
in the same structure, called a ‘‘baghouse,”’ 
and would share input and output gas mani- 
folds. As a gas stream passes through the 
baghouse, dust is removed by one or more of 
the following physical phenomena: inter- 
section, impingement, diffusion, gravitational 
settling, or electrostatic attraction. The ini- 
tial filtration creates a layer of dust on the 
bag fabric. This layer is primarily responsible 
for this method’s high removal efficiency; the 
filter cloth serves mainly as a support struc- 
ture. The operation is very similar to that of a 
household vacuum cleaner. 


The efficiency of a baghouse filter depends 
on the particle size distribution, the particle 
density and chemistry, and moisture. Under 
most conditions a properly designed and op- 
erated baghouse will achieve a removal effi- 
ciency of at least 99 percent for particles as 
small as 1 micron. Baghouse filters are likely 
to be used for dust removal from crushers, 
screens, transfer points, and storage bins. 


Electrostatic precipitators.—In electro- 
static precipitators, an electrical charge is in- 
duced on the surface of a dust particle and 
the particle is captured on a screen having 
elements with the opposite charge. Dry pre- 
cipitators have been used for many years; 
wet precipitators and charged droplet scrub- 
bers have been developed more recently. All 
types are in common use in the electrical 
power generating industry, in cement and 
steel plants, and in many other industries. 
Precipitators have removal efficiencies of up 
to 99.9 percent, require little maintenance, 
can handle large flow rates, and have low en- 
ergy requirements. They might be used in sev- 
eral oil shale operations, including mine ven- 
tilation and the second-stage cleaning of dust- 


laden streams from crushers and conveyors. 
A wet precipitator was used at the Paraho 
demonstration plant for the combined remov- 
al of shale oil vapors and particulates from 
the retort offgas. One is being used in the 
Petrosix plant in Brazil for the same purpose. 


HYDROGEN SULFIDE CONTROL 


The systems for removing H.S that are like- 
ly to be used for oil shale operations can gen- 
erally remove at least 98 percent of this pol- 
lutant. They will probably be applied to gas 
streams from retorting and upgrading opera- 
tions. 


Stretford Process.—In this process, the 
gas stream is scrubbed in an absorption 
tower with a solution containing sodium car- 
bonate, sodium metavanadate, and anthra- 
quinone disulfonic acid (ADA). Reduction of 
the metavanadate with H,S in solution causes 
sulfur to precipitate. The metavanadate is re- 
generated by oxidation with the ADA, and the 
reduced ADA is then regenerated by being 
oxidized in an air stream. The process was 
developed for coal- gas treatment, but it has 
been used for many other purposes in a num- 
ber of plants, especially oil refineries, in the 
United States and Europe. 


Any COS and CS, that may also be in the 
gas stream would not be removed in this proc- 
ess and their presence would interfere with 


H.S removal. Therefore, before H.S removal : 


the gas stream would need to be pretreated to 
remove these compounds. 


Selexol and other physical absorption 
processes.—In these processes, H.S is dis- 
solved in a solvent and subsequently recov- 
ered. The solvent is recycled. The earliest 
process, a simple water wash, was inefficient 
because H.S is not very soluble in water. 
Modern processes use solvents in which it is 
more readily dissolved. 


Absorption processes are usually used for 
treating high-pressure gases and for reducing 
the concentrations of H.S and other sulfur 
compounds to extremely low levels. These 
processes involve the selective absorption of 
H.S from gases containing CO;. This produces 
an H,S-rich stream that can be processed in a 
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Claus plant (see below). Absorption processes 
can also remove sulfur compounds, such as 
COS, CS:, mercaptans, and thiophenes, which 
cannot be processed in a Stretford unit. Be- 
cause of its low cost and simplicity, the Selex- 
ol process is a good candidate for use in oil 
shale plants. 


Claus process.—The Claus process, which 
is perhaps the oldest and best known method 
for recovering sulfur from streams that con- 
tain both HS and SO,, has several variations. 
With a feed stream containing only H.S, the 
required SO, is obtained by oxidizing part of 
the H.S to SO: by burning it in air, and then 
mixing the combustion products with the feed 
stream. The SO, and H.S are then reacted 
with each other in a series of converters to 
produce elemental sulfur, which is removed 
by condensation. The feed stream must have 
a relatively high concentration of sulfur com- 
pounds in order to achieve a high conversion 
efficiency with reasonable equipment size. 


This process has problems with both main- 
tenance and downtime, thus backup units are 
often needed. Problems arise from sulfur con- 
densation in the supply and product pipe- 
lines. The procedures for startup and shut- 
down are time-consuming, and moisture and 
CO; in the feed gas are particularly trouble- 
some. 


The tail or treated gas from a Claus plant 
still contains fairly sizable concentrations of 
H2S and SO:. It can be recirculated, mixed 
with a large volume of stack gas and re- 
leased, or treated in other systems. In oil 
shale plants, it is likely that the Claus plant 
effluent would require further treatment be- 
fore being released. Processes developed spe- 
cifically for this purpose include the SCOT, 
Beavon, and IFP techniques described below. 


¢ SCOT (Shell Claus Offgas Treating) proc- 
ess. In this process, the offgas is heated 
with a reducing gas such as hydrogen, 
and the mixture is passed through a co- 
balt-molybdate catalyst bed where all 
the sulfur compounds are reduced to 
HS. The gas is then sent through an ab- 
sorber where the H.S is dissolved and 
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i a ee 


concentrated. The concentrated H.S is Claus plant, its control may be required. The 
liberated from the absorbing medium by following technologies could be used for this 
heating and is returned to the Claus purpose. 

plant. 


The SCOT process is adversely af. e Wellman-Lord process. This is a versa- 


fected by high concentrations of CO:. 
Since gaseous emissions from oil shale 
processing are expected to be rich in 
CO:, higher rates of recycling, more com- 
plete fuel combustion, and perhaps 
steam injection to dissolve the CO, may 
be necessary. 

¢ Beavon process. In this process, the tail 
gas from a Claus plant is mixed with hot 
combustion gases and passed through a 
catalyst where all the sulfur compounds 
are converted to H.S. The H.S-rich gas is 
cooled by a slightly alkaline buffer solu- 
tion and then treated in a Stretford unit. 
The Beavon process is also adversely af- 
fected by high CO, concentrations in the 
feed stream. Its use in oil shale plants 
would require adaptations similar to 
those needed for the SCOT process. 

e IFP (Institute Francais du Petrok) proc- 
ess. The basic reaction in this process is 
the same as in the Claus process except 
that it takes place in a liquid rather than 
a gaseous phase. The liquid is a polyalky- 
lene glycol with a 5-percent concentra- 
tion of a glycol ester catalyst. Both H,S 
and SO, are very soluble in this liquid, 
and efficient conversion to sulfur re- 
sults. The most important operating vari- 
able is the H.S to SO, ratio which must 
be at least 2. The process is flexible and 
can accommodate wide changes in con- 
taminant concentrations while maintain- 
ing constant conversion rates. Also, be- 
cause the gases can be treated at higher 
temperatures than in other processes, 
heat losses are reduced. 


SULFUR DIOXIDE CONTROL 


The amount of SO, that will have to be re- 
moved will depend on the prior degree of gas 
treatment and the type of fuel used in proc- 
essing. Most oil shale plants will probably use 
desulfurized fuel for heating, processing, and 
power generation. Where large amounts of 
SO: are emitted, such as in the tail gas of a 


tile process, widely used by many differ- 
ent industries, and should be adaptable 
to the oil shale industry. Colony plans to 
use it for a commercial-scale above- 
ground retorting plant. 

This process relies on the reaction of 

SO, with sodium sulfate to produce sodi- 
um bisulfite. The bisulfite solution is 
next heated in an evaporator. This re- 
verses the reaction, liberating a concen- 
trated stream of SO,. The SO, can then 
be converted to either elemental sulfur 
or sulfuric acid. The regenerated sodium 
sulfate produced when the reaction is 
reversed by heating, is dissolved and re- 
cycled. The current version of this proc- 
ess is considered to be a second-genera- 
tion technique for SO, removal. Previous 
problems with sludge production and 
scaling have been reduced. 
Double alkali process. Double alkali 
technology resembles conventional wet 
stack-gas scrubbing methods but avoids 
most of their problems by using two alka- 
line solutions, sodium hydroxide and so- 
dium sulfite, to convert SO, to sodium bi- 
sulfite. The spent scrubber solution is re- 
generated by using lime or limestone to 
convert the bisulfite to sodium hydroxide 
and a precipitate that is a mixture of cal- 
cium sulfite and calcium sulfate. The 
precipitate sludge, which contains the 
captured SO:, can be disposed of in 
ponds. 

Performance of the system is well- 
established, and over 99-percent SO, re- 
moval has been achieved with SO, con- 
centrations in the treated flue gas of less 
than 10 p/m. Potential environmental 
problems are associated with waste dis- 
posal because the solid residue contains 
soluble alkaline sodium salts that could 
pollute surface and ground water in the 
vicinity of disposal sites. 

Nahcolite ore process. Nahcolite is a 
mineral that contains 70 to 90 percent 


sodium bicarbonate. It is found in the oil 
shale deposits in the central Piceance 
basin of Colorado. When crushed and 
placed in contact with hot flue gases in a 
baghouse, nahcolite converts SO, to dry 
sodium sulfate. Typically, 20 percent of 
the required nahcolite would be used to 
precoat the filter bags in the baghouse, 
and the remainder would be sprayed di- 
rectly into the flue gas stream. The sodi- 
um sulfate produced and any unreacted 
nahcolite would be sent to disposal. 
Pilot-plant experiments have shown that 
SO: removal efficiencies are between 50 
to 80 percent depending on flow rates 
through the baghouse and the ratio of 
nahcolite to SO:. 


NITROGEN OXIDES CONTROL 


Nitrogen oxides are produced in the com- 
bustion of fuels. NO, control can be ap- 
proached in two ways: by adjusting combus- 
tion conditions to minimize NO, production, 
or by cleaning the NO, that is produced from 
the stack gases. At present oil shale devel- 
opers plan to design combustor conditions for 
low NOx production. Gas cleaning systems 
could be added in the future, if the need 
arises for further NO, control. However, with 
proper design and maintenance of combus- 
tion equipment, external control systems will 
probably not be needed in order to comply 
with existing regulations. 


HYDROCARBON AND CARBON MONOXIDE CONTROLS 


The emission of HC and CO will be caused 
by the incomplete combustion of the fuel for 
the boilers, furnaces, heaters, and diesel 
equipment used in oil shale plants. The con- 
trol of external combustion sources such as 
boilers is primarily through proper design, 
operation, and maintenance. Well-designed 
units emit negligible amounts of CO and only 
small amounts of HC. Instrumentation is 
needed to assure proper operating condi- 
tions, and comprehensive maintenance pro- 
grams will be needed to keep emission levels 
from rising due to fouling and soot buildup. 
The proper maintenance of diesel and other 
internal combustion engines can similarly 
keep HC and CO emissions very low. Treating 
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the flue gas from combustion sources for par- 
ticulates or SO, will also reduce HC and CO 
emissions. With proper maintenance, it will 
probably be unnecessary to further reduce 
emissions from these sources. 


Other emissions of HC will be caused by 
preheating raw shale prior to retorting and 
by storing crude shale oil and refined prod- 
ucts. Incineration is probably the only realis- 
tic way to control them. Storage tank emis- 
sions can be minimized by using floating-roof 
tanks, which can accommodate higher vapor 
pressures than cone-roof tanks without the 
need for venting. . 


OTHER EMISSIONS CONTROLS 


Emission control by direct flame incinera- 
tion systems (also called thermal combustion) 
is widely used to reduce the amounts of HC 
vapors, aerosols, and particulates in gas 
streams. These systems are also used to re- 
move odors and reduce the opacity of plumes 
from ovens, dryers, stills, cookers, and refuse 
burners. The operation consists of ducting 
the process exhaust gases to a combustion 
chamber where direct-fired burners burn the 
gases to their respective oxides. A well- 
designed plant flare system is a good example 
of direct incineration control. 


Catalytic incineration is also used for the 
same purpose. The chief difference is that the 
combustion chamber is filled with a catalyst. 
On contact with the catalyst, certain com- 
ponents of the process gases are oxidized. 
The use of a catalyst allows more complete 
combustion at lower temperatures, thus re- 
ducing fuel consumption and allowing the use 
of less expensive furnace construction. How- 
ever, catalysts are generally selective and 
may not destroy as many contaminants as di- 
rect flame incineration. In addition, because 
of the potential for catalyst fouling and poi- 
soning, gas streams may need to be cleaned of 
smoke, particulates, heavy metals, and other 
catalyst poisons. 


Condensation is usually combined with 
other air pollution control systems to reduce 
the total pollutant load on more expensive 
control equipment. When used alone, conden- 
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sation often requires costly refrigeration to 
achieve the low temperatures needed for ade- 
quate control. 


Several methods can be used for cooling 
the gas streams. In surface condensers, the 
coolant does not contact the vapor or conden- 
sate; condensation occurs on a wall separat- 
ing the coolant and the vapor. Most surface 
condensers are common shell-and-tube heat 
exchangers. The coolant normally flows 
through the tubes; the vapor condenses on the 
cool outside tube surface as a film and is 
drained away to storage or disposal. 


Contact condensers usually cool the vapor 
by spraying a liquid, at ambient temperature 
or slightly cooler, directly into the gas stream. 
They also act as scrubbers in removing va- 
pors that do not normally condense. The use 
of quench water as the cooling medium re- 
sults in a waste stream that must be con- 
tained and treated before discharge. 


The equipment used for contact condensa- 
tion includes simple spray towers, high-ve- 
locity jets, and barometric condensers. Con- 
tact condensers are, in general, less expen- 
sive, more flexible, and more efficient in re- 
moving organic vapors than surface condens- 
ers. On the other hand, surface condensers 
recover marketable condensate and present 
no waste disposal problem. Surface condens- 
ers require more auxiliary equipment and 
need more maintenance. 


Condensers have been widely used (usually 
with additional equipment) in controlling or- 
ganic emissions from petroleum refining, pe- 
trochemical manufacturing, drycleaning, de- 
greasing, and tar dipping. Refrigerated con- 
densation processes are being used for the re- 
covery of gasoline vapors at bulk terminals 
and service stations. 


The Technological Readiness of Control Methods 


As indicated, there are a wide variety of 
control technologies that could be applied to 
the emissions streams from oil shale proc- 
esses. The selection of suitable technologies 
for a given facility would be based on a num- 
ber of factors. The degree of control needed 


for each regulated pollutant would depend on 
the size of the facility; its location; the nature 
of the oil shale deposit; the mining, process- 
ing, and refining methods; the desired mix of 
products and byproducts; the characteristics 
of untreated emissions streams; and the emis- 
sions levels allowed by applicable environ- 
mental standards. The specific control equip- 
ment selected would be influenced by all of 
these factors, plus such considerations as the 
proximity to water and electrical power, the 
availability of land for solid waste disposal, 
the labor and material requirements for 
maintenance, the ease of operation, the dem- 
onstrated reliability in similar industrial situ- 
ations, the availability of equipment, the ex- 
perience of the developer, and the cost. 


An important consideration is the relative 
technological readiness of each control meth- 
od being considered. A developer needs confi- 
dence that a method can be directly trans- 
ferred to oil shale operations from other in- 
dustries without undergoing extensive R&D. 
All of the techniques described previously 
have been applied to industrial processes 
similar to those encountered in mining, retort- 
ing, and upgrading of oil shale and its prod- 
ucts. However, there are three characteris- 
tics of the potential oil shale industry that re- 
quire extrapolating these technologies be- 
yond the present levels of knowledge: the 
scale of oil shale operations, the physical 
characteristics of the shale, and the nature of 
the emissions streams. 


Scale of operation.—The proposed mining 
operations are among the largest ever con- 
ceived and as such will require extraordinary 
efforts to control air pollution. For example, 
underground mining on tracts U-a and U-b 
would have mine ventilation rates as high as 
12 million ft?/min. Cleaning this volume of gas 
could be both difficult and expensive. The 
large ventilation volume is required by mining 
health and safety regulations and cannot be 
reduced. 


Open pit mines could be much larger than 
underground mines. Problems with fugitive 
dust would be increased by the larger quan- 
tities of solids that must be handled on the 
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surface. Much relevant experience has been 
\ gained through the extraction and processing 
of other minerals such as coal, copper, ura- 
-nium, and bauxite. The simpler control tech- 
niques (such as water sprays) have been 
thoroughly demonstrated. However, the po- 
tential size of oil shale mines may create 
problems for the more complex, collection- 
type control systems that have worked well in 
smaller mines. The cost of air pollution con- 
trol for deeply buried oil shale deposits is not 
known. The amount of overburden that must 
be removed, and for which pollution control 
would be needed may be prohibitively large. 


Physical characteristics of the shale.—Oil 
shale is a fine sedimentary material held 
together by its kerogen content. When proc- 
essed in certain retorts (such as TOSCO II or 
Lurgi-Ruhrgas) the shale can disintegrate into 
fine particles that are more difficult to collect 
and control than other mineral dusts. Other 
retorts (such as Union “‘B”’ or Paraho) will 
produce a coarser product with fewer prob- 
lems from dust. It is uncertain whether elec- 
trostatic precipitators will perform effective- 
ly in commercial-scale operations because 
not much is known about the electrical prop- 
erties of raw and spent shale particulates. 


Characteristics of emissions streams.—To 
date, the streams from small-scale versions of 
discrete subprocesses (such as pilot retorts) 
have been used to obtain preliminary evalua- 
tions of the efficiencies of pollution control 
technologies. It is not known whether these 
streams accurately represent the streams 
that would have to be controlled in an inte- 
grated commercial-scale plant. For example, 
it is not certain that the pollutants generated 
by commercial-scale retorting, when combin- 
ed with the pollutant streams from other sub- 
processes (such as upgrading), could be ade- 
quately controlled with conventional meth- 
ods. Also, the effect of volatilized trace 
elements on the catalysts used in the SCOT 
and Beavon tail-gas cleaning systems and in 
incinerators has not been determined. The 
concentration of some of the pollutants gener- 
ated by certain processes may be too low for 
efficient control. For example, it is unknown 


whether conventional H.S control methods 
will work well with the low H.S concentra- 
tions in the offgas from MIS retorting. Remov- 
al efficiencies that are too low could have 
conflicted with EPA’s previous BACT stand- 
ards for oil shale facilities, which required 
99-percent total sulfur recovery, no matter 
how small the concentration of sulfur com- 
pounds in the raw gas stream. 


The technological readiness of the major 
control techniques is summarized in table 41. 
The readiness of dust control methods is 
shown to range from low to high, with a high 
confidence in water sprays, cyclones, and 
scrubbers and a medium confidence in bag- 
houses and a low to medium confidence in 
electrostatic precipitators. Similar ranges 
are shown for the other control techniques. 
The readiness of the nahcolite SO, removal 
process is rated as low because only a few 
test results have been published for its per- 
formance with oil shale streams. Also, the 
technology is relatively new and has not been 
used extensively in other industries. 


The Claus H.S process is regarded highly 
because it has a long record of successful 
application worldwide. The SCOT and 
Beavon tail-gas cleaning systems have a high 
rating because they are generally used in 
conjunction with the well-established Claus 
systems. The fact that the feed to these sys- 
tems would already have been treated in a 
Claus unit removes some of the doubts about 
the effects on their removal efficiencies of the 
unique characteristics of oil shale emissions 
streams. Combustion methods and evapora- 
tion controls to reduce HC and CO emissions 
also have a high rating because they should 
not be sensitive to any great extent to the 
scale of operation or stream characteristics. 
Fugitive HC and CO emissions are much more 
difficult to control. 


The other control techniques are given 
medium ratings either because they have not 
been tested with oil shale streams for sus- 
tained periods or because the effects on their 
removal efficiencies of the projected char- 
acteristics of streams from commercial-scale 
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Pollutant and control system 


Dust 
Water sprays 


Road paving 
Cyclone separators 
Scrubbers 


Baghouse filters 


Table 41.—Technological Readiness of Air Pollution Control Techniques 


Readiness rating 
High 
High 
High 
High 


Medium 


Comments 


Effective and in general use with wetting agents added as needed. Low cost. Increased water needs. 


Also reduces vehicle maintenance. 
Low cost. Effective only for large particles. 


Low capital cost and maintenance requirements. High energy and water requirements needed for 
high removal efficiency. 


High efficiency. Moderate energy and maintenance requirements. Low cost. Not suitable for high- 


temperature gas streams. Requires more area than other systems. Waste-disposal experience 


lacking. 


Electrostatic precipitators Low to medium 


Efficiency sensitive to dust loading, temperature, and particle resistivity. Good removal efficiency. 


Low operating costs and maintenance. Good for large gas volumes. High capital cost. 


HS 
Stretford process Medium 

MIS gases. 
Selexol, purisol, rectisol, Medium 


istosoliam, fluor solvent, and 
other physical systems 


Extensive application in refining industry. Good for large volumes of dilute gases. Being tested for 


Being tested for coal gasification streams. No experience with oil shale emissions. 


Extensive experience in several industries. Needs concentrated feed streams. High maintenance 


Used with Claus plants that produce elemental sulfur. May be applicable directly to retort gases. 


Thirty installations worldwide. High capital cost. High energy requirements. 
Used successfully in Japan since 1973. Waste disposal could be costly. 


Can easily be designed into new plants. Low capital and operating cost. 
Recirculation of exhaust gases can lead to maintenance problems. 


Use of floating roof tanks is very effective but increases capital costs. 


Claus process High 
needs and downtime. 
Tail gas cleaning 
SCOT process High Long experience with Claus plants. 
Beavon process High Long experience with Claus plants. 
IFP process Medium 
$0, 
Wellman-Lord process Medium 
Double alkali process Medium 
Nahcolite ore process Low Limited but successful testing to date. 
NO, 
Combustion control High 
Diesel exhaust control Medium 
HC and CO 
Combustion control High Use of excess air easily accomplished. 
Evaporation control High 
Control of fugitive emissions Low 


Control is difficult because of the large number of dispersed sources. 


SOURCE: T. C. Borer and J. W. Hand, /dentification and Proposed Control of Air Pollutants from Oil Shale Operations, prepared by the Rocky Mountain Division, The Pace Company Consultants and 


Engineers, Inc., for OTA, October 1979. 


plants are still not known. In the case of the 
Stretford process, work is underway by Occi- 
dental Oil Shale which, if successful, could 
significantly improve its readiness. 


In general, the control technologies appear 
to be fairly well-developed, and should be 
adaptable to the first generation of oil shale 
plants. Full evaluation will not be possible un- 
til the methods have been tested in commer- 
cial-scale operations for sustained periods. 


Costs of Air Pollution Control 


The costs of controlling pollutants from 
an oil shale plant would be particularly sensi- 
tive to the lifetime of a project, the plant de- 


sign, the scale of operation, and the extent of 
emission removal required by environmental 
standards. Small-size, temporary plants such 
as modular demonstration facilities would 
probably be designed for minimum front-end 
costs; therefore, control systems with small 
capital requirements would be used rather 
than those with low operating costs. The lat- 
ter systems would be economically attractive 
over the 20-year operating life of a commer- 
cial plant but not over the 2- to 5-year lifetime 
of a modular plant. The design of the plant 
would also have an effect on the costs of con- 
trol. Systems to recover the byproducts sulfur 
and NH; could be included in an integrated 
facility, for example, not specifically for air 
pollution reduction but to increase plant reve- 


jinues. Additional control technologies would 
| be needed to satisfy environmental stand- 
ards, but overall control costs would be con- 
) siderably less than if byproducts were not re- 


| Another example of the effect of facility 
| design on control costs is whether the proc- 
|. esses of upgrading and refining are included. 
If so, other subprocesses such as retorting 
‘could take advantage of the efficient control 
systems that are an integral part of any mod- 
ern refinery. If refining was not done onsite, 
' control systems would still have to be pro- 
| vided for the other operations. The same de- 
' gree of removal efficiency could be achieved 
| but with higher costs. 


_ The relation of the cost of pollutant control 
| to the degree of removal is usually not linear, 
'ie., the costs generally are considerably 
| higher to increase a pollutant’s removal from 
'98 to 99 percent than from 90 to 95 percent. 
| Consequently, most control costs will be 
|: strongly influenced by the degree of removal 
| required by environmental standards. Higher 
‘removals will be more costly for individual 
|plants but would allow the region to accom- 
‘modate a larger industry within the frame- 
' work of the air quality regulations. 


| The Denver Research Institute (DRI) re- 
cently estimated the costs of environmental 
|| control in the three projects for which pollut- 


Colony project@ 


Roads are paved. Water sprays used for disposal areas. 


Tract C-b project® 
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ant generation was summarized in tables 34 
through 36.5 DRI’s hypothetical control sys- 
tems were based primarily on developer 
plans but in some cases were modified to 
cover technologies having higher projected 
removal efficiencies. Two regulatory sce- 
narios were considered. Under the ‘“‘less 
strict’’ scenario for particulate control in the 
Colony plant, for example, it was assumed 
that particulate reductions from _ point 
sources would average 98.5 percent, and that 
for nonpoint sources of fugitive dust reduc- 
tions of 92.2 percent would be required. The 
average particulate reduction for the plant 
was assumed to be 98.3 percent. Under the 
“more strict’? scenario, overall particulate 
reductions of 99.5 percent were assumed for 
point and nonpoint sources. With some differ- 
ences, similar control scenarios were as- 
sumed for other regulated pollutants, and for 
the other two oil shale projects. Results of 
DRI’s analysis for the ‘‘more strict’ case are 
shown in table 42. 


As can be seen, the control costs for in- 
dividual contaminants vary widely from proj- 
ect to project. In each project, however, the 
largest capital and operating costs are for 
SO, and particulate removal. Capital costs 
for SO, control equipment, for example, are 
over $25 million for the tract C-a and C-b proj- 
ects, which strongly rely on MIS retorting and 
which will have to clean large quantities of 


Table 42.—Costs of Air Pollution Control (thousand dollars) 


Tract C-a project® 


Overall Capital Operating Overall 
reduction cost cost reduction 

Fugitivedust. 92.2% $ 1,460 $ 564 98.4% 
Particulates . . 99.5% 29,400 6,499 80.2% 
Oa, .tuth ya 99.0% 9,910 7,240 99.0% 
rote... oa (e) (f) (f) (e) 
HC andCo... 50.5% 17,785 3,766 56.5% 

Total $58,555 $18,069 
Cost per bbl of daily capacity. $ 1,246 _ 
Cost per bbl of oil produced . . > ale 


Capital Operating Overall Capital Operating 
cost cost reduction cost cost 
$ 1,460 wy. OMe High4 $ 1,460 Sey.) 
5,792 1,530 99.6% 34,340 8,499 
26,210 11,187 99.0% 29,800 12,844 
12,866 3,882 (e) 12,866 3,882 

240 50 89.0% 878 182 
$46,588 $17,226 $79,344 $25,950 
Sh tetlly/ = $ 979 = 

= $ 0.91 = $ 0.97 


447 000 bbi/d of shale oil syncrude. b57,000 bbl/d of crude shale oil. 81,000 bbi/d of crude shale oil. 


&Maximum reduction achievable through adjustment of combustion conditions. 


‘Low reduction requirements because of low-temperature retorting and use of low-nitrogen fuel in combustors. 
SOURCE: Data adapted from: Denver Research Institute, Predicted Costs of Environmental Controls for A Commercial Oil Shale Industry: Volume I—An Engineering Analysis, prepared for the Department of 


Energy under contract No. EP-78-S-02-5107, July 1979, pp. 407-414. 
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dilute retort gas. A much lower capital invest- 
ment (about $10 million) is needed for the Col- 
ony project because the TOSCO II retorts pro- 
duce a much smaller volume of retort gas. 


According to DRI’s analysis, the overall 
costs of air pollution control range from $0.91 
(C-b project) to $1.16 (Colony project) per bbl 
of oil produced These costs would have been 
considered very high in the early 1970’s when 
oil was selling for about $4/bbl. They are less 
significant under present conditions with oil 
prices exceeding $30/bbl. 


Pollutant Emissions 


Controlled emissions rates are summarized 
in tables 43 through 45 for three oil shale 
projects for which pollutant generation rates 
were Calculated previously. It was assumed 
that the raw emissions streams from the unit 


operations in each facility would be treated 
in control systems similar to those for which 
DRI prepared cost estimates. In the Colony 
project, for example, it was assumed that 
dusty air streams from crushers and ore stor- 
age areas would be processed in baghouses, 
as would the flue gas from the retort preheat- 
er. Flue gases from the retort and the spent 
shale moisturizer would be treated in a hot 
precipitator. A Stretford unit would be used 
for removal of sulfur compounds. NO, and 
CO emissions would be reduced by combus- 
tion controls on all burners, and HC emissions 
would be reduced with floating-roof storage 
tanks and a thermal oxidizer flare system. 


Table 46 summarizes the rates of pollutant 
emissions both for the three projects, and for 
modular demonstration projects proposed by 
Union Oil Co. and Superior Oil. The Union and 
Superior results are presented for their ac- 


Table 43.—Pollutants Emitted by the Colony Development Project (pounds per hour) 


Particulates 


Operation 

VITO) es rere ai acecie each Sie eerie de te 

SHELDON NEMO Bis ele oes Ne 60 
Retorting irk chan tne 2 che cn mete e ere 120 
Spent shale treatment and disposal ....... 40 
UD Grading ii dete th tees 2 iments Meee trace 


Ammonia and sulfur recovery............ 
PROCUCHSTOTAgC ia arts het cee 
Sieamand DOWEhey a. hash Senmee eeee 
HY GROG EMO nOCUCTIONS airs lens aia mene ee 


TOt le gon aA cae tee Ne i Pee 240 


10 


S0, NO, HC co 
0 2505 505 440 
0 0 0 0 
140 1,430 270 50 
0 1306 10° 0 
10 20 10 trace 
100 0 0 0 
0 0 20 0 
trace 20 trace trace 
30 80 trace 10 
280 1,930 360 500+ 


4Room-and-pillar mining; TOSCO |! retorting; scaled to 50,000 bbi/d of shale oil syncrude production. 


DThese emissions are not included in Colony PSD permit application. 


SOURCE: T. C. Borer and J. W. Hand, /dentification and Proposed Control of Air Pollutants From Oil Shale Operations, prepared by the Rocky Mountain 
Division, The Pace Company Consultants and Engineers, Inc., for OTA, October 1979. 


Table 44.—Pollutants Emitted by the Rio Blanco Project on Tract C-a (pounds per hour) 


Operation Particulates $0, NO, HC CO 
AVIITI LIT Oh en SAS ee eee eee are 20 0 340 6 435 
SNaAlesOleparallo ne ces meee re einen esha 26 0 0 0 0 
RELORUN Giri avatoe aaa eka eek aie Re aia ree 92 52 320 98 0 
Spent shale treatment and disposal ....... 32 0 0 0 0 
UD Grading toe eigen Peepers derek ae 0 6 13 0 
Ammonia and sulfur recovery............ 0 0 0 0 
PhOCUGGStORAQG: ere 2 ote gnn epee ane 0 0 105 0 
SeGai) ANG POWEE nis ak Dera ee. eewah oh 6 210 250 1,220 13 0 
FVGROGSMOCOCUCH OI seat iatineeey ttn: — _ _ — — 
TOL centaur ates tas eeu Wet Reel pct Ke 386 302 1,886 235 435 


4Underground mining; MIS and TOSCO I! aboveground retorting; scaled to 50,000 bbi/d of shale oil syncrude production. 


SOURCE: T. C. Borer and J. W. Hand, /dentification and Proposed Control of Air Pollutants From Oil Shale Operations, prepared by the Rocky Mountain 
Division, The Pace Company Consultants and Engineers, Inc., for OTA, October 1979. 
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Table 45.—Pollutants Emitted by the Occidental Operation on Tract C-b (pounds per hour) 


Operation Particulates S0, NO, HC CO 
TUTTO a sectarian Re Rete te At a 20 0 300 10 180 
Raw/Shaleidisposala aun, .k ciccs mebeete et ak 80 0 100 10 0 
RGLORIN Geasrepberedr ters oes cite csicva tees in Ge 10 0 0 0 0 
UDGTACING crs areca... ae soe eee Cd ee 10 10 80 trace 10 
Ammonia and sulfur recovery............ 0 240 0 0 0 
PROUUGH SIOLAGG ee: cane GARG a Luke Rite 0 0 0 80 0 
Steamjand: POWel cow). Gentine ak tes wie 20 trace 2,800 0 0 
RVGKOGEN DLOGUCIION saarn stem awe ced eas 80 20 220 20 20 

Old eee eens ee eee ee oe 220 270 3,500 120 210 


4Underground mining; MIS retorting; scaled to 50,000 bbi/d of shale oil syncrude production. 


Assumes gas turbines for power generation. 


SOURCE: T. C. Borer and J. W. Hand, /dentification and Proposed Control of Air Pollutants From Oil Shale Operations, prepared by the Rocky Mountain 
Division, The Pace Company Consultants and Engineers, Inc., for OTA, October 1979. 


Table 46.—A Summary of Emissions Rates From Five Proposed Oil Shale Projects 


Pollutant emissions, lb/hr 


Project and retorting technology Shale oil production Particulates S0, NO, HC CO 
Colony 

TOSCO |! aboveground retort 50,000 bbi/d syncrude 240 280 1,930 360 500 
Rio Blanco 

MIS plus Lurgi-Ruhrgas aboveground retort 50,000 bbi/d syncrude 386 302 1,886 235 435 
Occidental 

MIS 50,000 bbI/d syncrude 220 270 3,500 120 210 
Superior 

Superior retort plus nahcolite and alumina recovery 11,500 bbl/d crude fo 347 172 20 47 
Union 

Union Oil “‘B’’ aboveground retort 9,000 bbi/d crude 30 81 100 59 43 


SOURCE: T. C. Borer and J. W. Hand, /dentification and Proposed Control of Air Pollutants From Oil Shale Operations, prepared by the Rocky Mountain Division, The Pace Company Consultants and Engi- 


neers, Inc., for OTA, October 1979. 


tual design conditions, which provide about 
one-fifth of the shale oil produced by the 
other projects. Because emissions rates are 
not always directly related to plant capacity, 
the much smaller modular projects are not 
expected to have equivalently lower rates of 
emissions. In fact, SO, release from the 
Superior project (11,500 bbl/d) is expected to 
be significantly higher than from the three 
50,000-bbl/d projects. In part, the high rate of 
Superior’s emissions is related to the nature 
of its process, which includes unique sub- 
processes for the recovery of nahcolite and 
alumina. They also arise from the scale of 
operation, which does not encourage the use 
of large-scale, costly controls that would be 
cost-effective for the larger operations at Col- 
ony and on the lease tracts. 


EPA has granted PSD permits for the Col- 
ony and Union projects at the levels of opera- 
tion listed above. Permits have also been 


granted for modular-scale operations on C-a 
(1,000 bbl/d) and C-b (5,000 bbl/d). EPA there- 
fore expects the projected emissions rates at 
these production levels to comply with all ap- 
plicable Federal and State emissions regula- 
tions. However, it should be noted that the 
evaluation of the environmental impacts of oil 
shale development also requires a considera- 
tion of the effects of the emitted pollutants on 
ambient air quality, which is protected by 
NAAQS and PSD limitations. Without large- 
scale operating facilities, the effects of emis- 
sions on air quality can only be predicted by 
using mathematical models. 


Dispersion Modeling 


The Nature of Dispersion Models 


The Clean Air Act, through the regulations 
promulgated for attainment of NAAQS and 
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PSD standards, requires the use of mathe- 
matical models to relate the emissions from a 
source and the resulting incremental impact 
that the source causes on a point some dis- 
tance away. At present, models are EPA’s 
tool for enforcing the provisions of the Act 
and are the only means for predicting long- 
range impacts of oil shale emissions on am- 
bient air quality in the oil shale area and in 
neighboring regions. 


Air quality models are mathematical de- 
scriptions of the physical and chemical proc- 
esses of transport, diffusion, and transforma- 
tion that affect pollutants emitted into the at- 
mosphere. In these models, specified emis- 
sions rates and atmospheric parameters are 
used as input data, and the effects on ground- 
level pollutant concentration and visibility of 
plume rise, dispersion, chemical reaction, 
and deposition are simulated. Some models 
are designed to simulate small-scale airflow 
patterns over complex terrain within a few 
miles of the pollution source. These near- 
source models can predict the effects of oil 
shale emissions in the immediate vicinity of 
the plant. They are used during preconstruc- 
tion review to indicate the facility's expected 
compliance with PSD regulations. 


Other models simulate broader airflow 
behavior over distances of hundreds of miles. 
These regional dispersion models could be 
used to simulate the effects on a large area of 
an entire industry, including numerous indi- 
vidual plants. Regional-scale models can be 
used to predict impacts on air quality in near- 
by Class I areas. The time scale of the input 
data and the output predictions should be ap- 
propriate to the size of the region being simu- 
lated. Small increments can be used for near- 
source modeling; increments of several days 
for regional dispersion models. 


Most models incorporate a series of com- 
putational modules, as shown in figure 60. A 
major difference between the models lies in 
the manner in which the input data are ma- 
nipulated and in the application of the com- 
putational modules. Usually, not all of the 
modules are used in any given model. Near- 
source models need to simulate complex air 


flow near prominent terrain features, but can 
usually ignore chemical reaction, aerosol 
coagulation, deposition, and visibility effects, 
which generally become most significant over 
larger distances and longer time periods. In 
contrast, regional models can sometimes ig- 
nore terrain features, but must consider long- 
range atmospheric conditions and their ef- 
fects on chemical reaction, coagulation, depo- 
sition, and visibility. 


A key feature that must be considered in 
evaluating the use of any model to estimate 
compliance with NAAQS and PSD regula- 
tions is its ability to simulate worst case con- 
ditions, which are those meteorological condi- 
tions that lead to the highest ground-level con- 
centrations. These conditions vary depending 
on the location of the emitting facility, its con- 
figuration, and the nature of the surrounding 
terrain. Some candidate worst case condi- 
tions for the oil shale region include: 


e several days of atmospheric stagnation 
during which emissions would accumu- 
late under an inversion in a valley; 


e a looping stack-gas plume that would 
bring maximum pollutant concentrations 
directly to ground level; 


e a plume trapped in a stable atmospheric 
layer and transported essentially intact 
to nearby high terrain; 


e fumigation, when a plume is transported 
from a stable layer at medium heights to 
the ground level. (Fumigation conditions 
normally persist for less than an hour. 
They are usually the worst case for 
emissions released from stacks); and 


e moderate wind conditions in which a 
stable polluted layer spreads uniformly 
and causes visibility reduction over a 
large area. (This is usually the worst 
case for emissions released near ground 
level.) 


It is reasonable to assume that some worst 
case conditions (e.g., several days of atmos- 
pheric stagnation) could occur several times 
a year, while others might occur only a few 
times over the lifetime of an oil shale project 
and might not be detected during a 1- to 3- 
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Figure 60.—Computation Modules in Atmospheric 
Dispersion Models 


Emission rates 
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' SOURCE: E. G. Walther, et al., The Evaluation of Air Quality Dispersion Model- 


ing for Oil Shale Development, prepared for OTA by the John Muir In- 
stitute for Environmental Studies, Inc., October 1979. 


year environmental monitoring program prior 
to the start of constructing a project. 


Gaussian models* and grid models are 
commonly used to simulate near-source dis- 
persion effects. Gaussian models were devel- 
oped for the relatively simple air flow pat- 
terns over flat terrain. They can be modified, 
with a significant loss of accuracy, to simu- 
late complex flow around terrain obstacles, 
and up and down valley floors. They can 
simulate some worst-case conditions, such as 
very low wind speeds, but not looping plumes 
or variations in wind direction with in- 


*A Gaussian model is based on a theoretical pattern of fre- 
quency distribution in which a bell-shaped (or normal) curve 
shows the distribution of probability associated with different 
isues of a variable quantity— in this case pollutant concentra- 
tions. 


63-898 0 - 80 - 19 


creasing altitude. Their mathematical ex- 
pressions are relatively simple, and can often 
be run on a hand calculator. However, most 
Gaussian models rely on straight-line simula- 
tion of pollutant trajectories and do not con- 
sider spatial, temporal, and vertical vari- 
ations in atmospheric conditions. As a result 
they tend to overestimate ground-level pollut- 
ant concentrations at distances greater than 
30 miles from the source. 


Numerical or non-Gaussian models such as 
grid models are more useful for simulating 
near-source complexities. They estimate pol- 
lutant concentrations at each point in a three- 
dimensional pattern overlying the region of 
interest. For detailed computations and high 
accuracy, the spacing of the grid points must 
be small and the time interval between suc- 
cessive iterations must be short. Because of 
these characteristics and due to the complex 
mathematical manipulations used, grid mod- 
els require the use of high-speed computers, 
and input data must include highly detailed 
wind field information. Such information is 
usually not easily obtainable without a very 
expensive atmospheric monitoring program. 


Grid models can also be used for simulat- 
ing long-range effects over a large region if 
information is available on conditions in the 
upper atmosphere. In these applications, ter- 
rain details usually become less important. 
Complex terrain features, which must be ac- 
curately simulated in near-source modeling, 
can be simulated through use of an average 
roughness factor. However, because of the 
longer timespan being modeled, slow chemi- 
cal reactions that involve, for example, SO, 
and NO,, become significant. Aerosol size 
distribution (critical in visibility analysis) and 
the contributions of other polluting sources 
are also important. 


A critical problem in applying regional 
models is caused by the fact that pollutants 
pass through several meteorological regimes 
on their path from source to deposition point. 
Budget models, which divide the affected re- 
gion into discrete air cells, can be useful 
under these circumstances because they deal 
only with the flow of air into and out of one 
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cell and with the reactions that occur within 
the cell. If the cell size or iteration increment 
is too large, important details such as rapid 
deposition in transition areas between low- 
lands and mountains may be missed. These 
deficiencies can be compensated for by using 
time trajectory models, numerical fluid flow 
models, box models, or sector average 
models. 


Problems With Dispersion Modeling in 
the Oil Shale Region 


Modeling of oil shale facilities presents a 
number of problems because of the topogra- 
phy and meteorology of the oil shale region, 
the chemistry of oil shale emissions, and the 
unknown quantities of emissions expected 
from commercial-size facilities. Dispersion 
models developed to date have been primarily 
for flat terrain. The terrain of the oil shale 
region is very complex, including many val- 
leys and canyons. Furthermore, some devel- 
opers have proposed siting their plants in the 
middle of a cliff face or near a canyon rim. 
Simulating this geometry presents unique 
modeling problems. In addition, the chemistry 
of oil shale emissions is quite different from 
that of powerplants in urban areas and may 
lead to increased oxidant formation through 


photochemical reactions between HC and 
NO,.* Thus, the conventional set of reactions 
used to model urban photochemistry would 
have to be augmented to accurately simulate 
the oil shale situation. 


Also, oil shale operations emit much fugi- 
tive dust. Proper modeling of these emissions 
must consider the role of wind in creating the 
emissions as well as its role in dispersing 
them. In the mountainous areas downwind of 
oil shale plants, precipitation may cause the 
wet deposition of the oil shale emission, thus 
lessening the regional transport of visibility 
impacts but increasing impacts on ground- 
level ecological systems. 


Another problem in developing accurate 
dispersion predictions for oil shale facilities 
is the fact that the input data on emissions 
can only be estimated, since no commercial- 
size plants have yet been built. This problem 
is exemplified in table 47, which presents a 
summary of emissions data used in several 
early modeling studies. These studies varied 
widely with respect to the quantities of the 
emissions that were assumed for various 
types of retorting technologies and the levels 


*Photochemical reactions are induced in the atmosphere by 
ultraviolet radiation from the Sun. 


Table 47.—A Comparison of Atmospheric Emissions Used in Modeling Studies 


Production capacity 


Total emissions (lb/hr) 


Study and site Retort (bbI/day) 
Battelle 
Colorado TOSCO || 50,000 
Federal Energy Administration 
Colorado TOSCO || 50,000 
Stanford Research Institute 
Colorado and Utah TOSCO II 100,000 
Colony 
Colorado TOSCO II 63,000 
Tract C-b 
Colorado TOSCO II 45,000 
Tract C-a 
Colorado TOSCO II 6,000 
56,000 
Tracts U-a and U-b 
Utah Paraho 10,000 
50,000 


Study date S0, NO, HC Particulates 
1973 143 732 300 1,285 
1974 1,332 1,464 317 744 
1975 3,111 4,078 600 650 
1975 282 1,806 324 829 

317 1,746 304 842 
1976 267 1,634 262 776 
353 1,894 313 968 
1976 26 322 112 148 
265 994 185 973 
1976 8.4 108 0.88 68 
148 1,369 55 452 


SOURCE: Adapted from the Environmental Protection Agency, A Preliminary Assessment of the Environmental Impacts From Oil Shale Developments, July 1977, p. 110. 


of production. Even if the estimates for the 
TOSCO II operations are scaled to the same 
production capacity, they vary by as much as 
an order of magnitude. Much of this discrep- 
ancy is associated with assumptions by ana- 
lysts about environmental-control technol- 
ogies and their efficiencies. Although individ- 
ual modeling runs provide some insight into 
site-specific air quality effects for a given 
retort capacity under specific meteorological 
conditions, substantial variations in the in- 
put-data assumptions prohibit comparing dif- 
ferent retorts, levels of development, and 
plant locations. 


The Application of Dispersion Models to 
Oil Shale Facilities 


The application of flat-terrain models to 
the oil shale region requires many adapta- 
tions in order to provide rough estimates of 
the impacts of a particular facility on am- 
bient air quality. Near-source models have 
been used to estimate the effects of emissions 
from single proposed facilities. Such effects 
must be modeled to qualify for a PSD permit 
from EPA. A preliminary study has also been 
undertaken by EPA to estimate the regional 
effects of several oil shale plants. Since only 
estimates are available for the levels of emis- 
sions from commercial-size facilities, model- 
ing results can only be considered approx- 
imate. 


One example of the use of near-source 
models was a study performed for Colony De- 
velopment by Battelle Northwest Laborato- 
ries. Colony was considering two plant loca- 
tions: one in the valley of Parachute Creek, 
the other on an adjacent site atop Roan Pla- 
teau. A model predicted that NO, concentra- 
tions near the valley site would exceed the 
national standards; SO, and particulates 
would barely meet the standards. The model 
predicted that the corresponding pollution 
levels near the plateau site would be an order 
of magnitude lower. Because of this predic- 
tion, Colony selected the plateau location.° ’ 


Another example is the work undertaken 
for Federal lease tract C-a. Models were run 
for widely different operating conditions, in- 
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cluding completely different retorting tech- 
nologies and levels of operations. As noted in 
volume II, the tract C-a lessees originally con- 
templated open pit mining and aboveground 
retorting in a combination of TOSCO II and 
directly heated retorts (like the Paraho kiln). 
In phase I, a single TOSCO II retort would be 
used to produce from 4,500 to 9,000 bbl/d of 
shale oil. In phase II, several TOSCO II and 
directly heated retorts would be used to pro- 
duce up to 55,800 bbl/d. The lessees con- 
ducted modeling studies that estimated the 
air quality impacts of each development 
phase. Both long- and short-term effects were 
studied with an EPA Gaussian Valley model, 
modified to account for the mixing-layer ef- 
fects of rough terrain and for inversion epi- 
sodes. Results were reported in the DDP in 
March 1976.8 


The lessees subsequently adopted a new 
plan that was also phased but which involved 
underground mining and MIS processing. The 
lessees prepared a revised DDP and per- 
formed new modeling studies. Two mathe- 
matical models were used: long-term (annual) 
effects were studied with an EPA model modi- 
fied for high terrain and atmospheric stabil- 
ity; shorter term (3 to 24 hours) effects were 
studied with a modified Gaussian model. As 
in the earlier modeling studies, meteorologi- 
cal measurements made on the tract were 
used as input data to the models. Worst case 
predictions for both phases were reported in 
the revised DDP in May 1977.° 


The results of both sets of studies are re- 
ported in table 48. Predictions are presented 
for both offtract ambient air quality and for 
the incremental quality degradation. Also 
shown are the relevant NAAQS (either pri- 
mary or secondary, depending on which is 
more stringent), the Federal PSD increment 
limitations, and the corresponding Colorado 
ambient air standards. All standards shown 
are those that currently apply to the oil shale 
region. 


The models predicted that both phases of 
both plans should be in compliance with ap- 
plicable standards. However, the offtract 
concentration of nonmethane HC was pre- 
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Table 48.—Modeling Results for 


National standards Colorado standards 


Offtract ambient air 


Federal Oil Shale Lease Tract C-a 


Revised DDP (May 1977) 
Offtract increment 


Original DDP (March 1976) 
Offtract ambient air Offtract increment 


Averag- PSDincrement Ambient PSD increment _ Phase! Phase II¢ Phase |> Phase II¢ Phase |¢ Phase Ilé Phase |4 Phase Ile 
Pollutant ingtime NAAQS@ Class || Air Category |! MIS MIS/TOSCO II MIS MIS/TOSCO Il TOSCOIl Aboveground TOSCOIl Aboveground 
SOs aoe ner ANNUal 80 20 80 20 8.4 8 32 2.7 10 11 i! 2 
24-hour 365 91 365 91 10.2 8 5 3 23 28 14 19 
3-hour 1,300 512 700 512 Sore 25 30 20 91 103 82 94 
Etec Annual 100 None 100 None 8 13 6 11 16 10 14 8 
Particulates’ Annual 60 19 45 19 9 12 0.3 3 16 22 4 10 
24-hour 150 37 150 37 10 12 1 3 34 44 22 29 
Nonmethane 
HC . 33-hour 160 None 160 None 65 90 0.3 25 221 129 156 64 
Lead on .% Quarterly ies None Un) None = = — = = = = =r 
Osea. ge is 1-hour 240 None 160 None aa — — = oe = = oa 


Stricter of primary and secondary standards. DCapacity: 4,000 bbl/d (MIS). 
Capacity: 55,800 bbl/d (TOSCO II and, e.g., Paraho). 


SOURCE: Data adapted from original and revised detailed development plan for tract C-a. See refs. 8-9. 


dicted to exceed the Federal and State guide- 
lines during Phase I of the old plan. It should 
also be noted that in the old plan the offtract 
increment for HC is only slightly less than the 
3-hour average guideline. In the new plan, 
however, offsite concentrations and incre- 
ments for both phases are well within compli- 
ance. 


With respect to the effect of scale of opera- 
tion, the table indicates that, in general, the 
impact of the smaller scale phases of both 
plans are nearly equal to those of the corre- 
sponding larger scale phases. This is ex- 
plained by the lessees’ intent to use the first 
phase of each plan to obtain reliable data on 
emissions levels and dispersion characteris- 
tics, and then to use these data to design con- 
trol technologies for the subsequent commer- 
cial phases. Also, final commitment to the 
commercial operations was not to be made 
until technical and economic feasibility stud- 
ies, based on operating data obtained in the 
early phases, could be completed. To avoid 
unnecessary Capital commitment in the initial 
phases, the first facilities were designed for 
minimum investment requirements. 


It is difficult to interpret the technology- 
related effects of old and new plans for tract 
C-a because the levels of operation are dif- 
ferent, and different models were used to 
simulate air quality impacts. However, a 
qualitative comparison is possible. The table 
indicates that the original concept (open pit 
mining and aboveground retorting) would 
have caused higher ambient levels of SO., 


Capacity: 57,000 bbl/d (MIS) + 19,000 (TOSCO II). 
Not a standard; a guide to show achievement of the 0, standard. 


Capacity: 9,000 bbi/d (TOSCO II). 


particulates, and nonmethane HC and lower 
levels of NO, than the revised concept (un- 
derground mining, MIS, and limited above- 
ground retorting). Although the revised facil- 
ity is to have 36 percent more shale oil capac- 
ity, ambient air impacts and PSD increments 
are generally lower. 


With respect to regional modeling, EPA has 
used a modified Gaussian model to predict 
the effects on air quality at the Flat Tops 
Wilderness Area of oil shale operations at the 
Colony site (50,000 bbl/d), on tract C-a (1,000 
bbl/d), on tract C-b (5,000 bbl/d), and at the 
Union site (9,000 bbl/d).* The total shale oil 
production was about 65,000 bbl/d, of which 
about 77 percent was assumed to come from 
Colony’s TOSCO II retorts. The model was 
limited in that only one source could be mod- 
eled at a time, so four runs were needed to 
model the industry. In each run it was as- 
sumed that the wind was blowing from the 
source directly to Flat Tops. The cumulative 
impacts of the industry were estimated by 
adding the increments from each source. Re- 
sults indicated that about 20 percent of the 
PSD increment for particulates would be con- 
sumed, and about one-third of the SO, incre- 
ment. Simple linear scaling would indicate 
that the industry would be limited to about 
217,000 bbl/d by the PSD restrictions on SO.,, 
and to about 325,000 bbl/d by the particulate 
PSD 


*Flat Tops Wilderness Area is approximately 65 miles from 
tract C-a, and 50 miles from tract C-b and the proposed Colony 
and Union projects. 
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Such scaling is highly inaccurate for a 
number of reasons. First, Gaussian models 
tend to overestimate ground-level concentra- 
tions of SO, because they do not allow for for- 
mation of sulfate particles from SO, and their 
subsequent deposition. Second, it is impossi- 
ble for the wind to be blowing from four di- 
rections at the same time. Third, the pro- 
jected SO, and particulate concentrations at 
Flat Tops were affected strongly by the Col- 
ony project, which is predicted to emit more 
SO. and particulates than the technologies 
proposed by tract C-a, tract C-b, and Union. It 
was EPA’s opinion that a better estimate 
would be that as much as 400,000 bbl/d could 
be accommodated in the Piceance basin by 
the PSD standards for Flat Tops.’ EPA’s 
analysis did not consider any project in the 
Uinta basin, the eastern edge of which is 
about 95 miles from Flat Tops. Therefore, 
there are no estimates available of the addi- 
tional capacity that could be installed in Utah 
without exceeding the PSD restrictions at 
Flat Tops. The proposed Dinosaur National 
Monument, about 50 miles north of tracts U-a 
and U-b, could also limit operations in Utah if 
it is designated as a Class I area.* 


Evaluation of Modeling Efforts 


Table 49 lists the models used by oil shale 
developers to support PSD applications for 
their projects. EPA has accepted the results 
of these studies as evidence of expected com- 
pliance with air quality regulations, and PSD 
permits have been granted. Note that, with 


*A Department of the Interior task force in September 1979 
recommended that the Dinosaur National Monument be desig- 
nated as a Class I area. 


the exception of the Colony project, only 
small-scale plants were modeled. Some devel- 
opers, such as Rio Blanco and the tract C-b 
lessees, have also modeled the effects of com- 
mercial-scale operations at the same loca- 
tions. However, EPA has not yet evaluated 
the results of these studies for adequacy 
under the PSD-permitting process. 


The widespread reliance on the Gaussian 
Valley model should also be noted. All of the 
developers relied on this model for simulation 
of near-source effects. PSD permits were 
granted for the projects because the models 
represented the state-of-the-art of near- 
source dispersion, and because most of the 
projects were of relatively small scale. The 
models used are deficient in many respects. 
For example, the Gaussian Valley model can 
be used for estimating pollutant dispersion in 
stable atmospheric conditions in complex ter- 
rain. However, as described previously, it 
tends to overestimate SO, concentrations and 
cannot handle most worst-case conditions. 
Also, Gaussian models when applied to com- 
plex terrain introduce error by a factor of 5 
to 10 when computing concentrations on high- 
terrain features. This factor of error in the 
model's capability, coupled witha 2 to 5 error 
factor in estimating emission concentration, 
increases the level of uncertainty in deter- 
mining compliance with air quality stand- 
ards. In a recent workshop conducted by the 
National Commission on Air Quality, it was 
recommended that the Valley model be used 
only for screening purposes in complex ter- 
rain situations, and that it not be used for de- 
termination of compliance with NAAQS or 
PSD standards." 


Table 49.—Models Used in Support of PSD Applications for Oil Shale Projects 


Maximum shale 


Project Retorting technology oil production Model used 

Colony Development Operation TOSCO II 46,000 bbi/d Gaussian Valley model, modified for rough terrain, to study 
effects of long-distance transport. Box model for effects of 
trapping inversions near source. 

Union Oil Co. Long Ridge Union “‘B’’ 9,000 bbli/d Modified Gaussian Valley model. 

Rio Blanco Oil Shale (tract C-a) Modular MIS 1,000 bbl/d Modified Gaussian Valley model. 

C-b Shale Oil Venture (tract C-b) Modular MIS 5,000 bbl/d Modified Gaussian Valley model. 

Occidental Oil Shale, Inc., Logan Wash Modular MIS 5,000 bbi/d Modified Gaussian Valley model. 


SOURCE: Office of Technology Assessment. 
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Other models that have been used to pre- 
dict emissions from proposed oil shale facil- 
ities include the CRSTER and the AQPUF2.* 
The CRSTER model is generally used by EPA 
to simulate effects of emissions from tall 
stacks in complex terrain. It tends to overesti- 
mate pollutant concentrations where plumes 
are intercepted by terrain features higher 
than the plume rise height.’? The CRSTER 
model used by Rio Blanco in their DDP could 
not handle fugitive dust emissions, gravita- 
tional settling, separated stacks, chemical 
reactions in the plume, some high-terrain 
features, and a change of wind direction with 
height. All of these variables are important to 
accurate prediction of some near-source ef- 
fects. The AQPUF2 model also used by Rio 
Blanco in their DDP for short-term studies 
was better able to simulate plume behavior in 
complex wind fields and to compare the ef- 
fects of emitting stacks a significant distance 
apart from each other. The effect of wind 
speed on the generation of fugitive emissions 
was not simulated in any of the models used. 


Research and Development Needs 


The problems of modeling pollutant disper- 
sion in the oil shale area are also encountered 
in other regions with complex terrain, such 
as the Ohio River Valley and the Four Corners 
area of Colorado, Utah, Arizona, and New 
Mexico. The Dispersion Modeling Panel at a 
recent workshop conducted by the National 
Commission on Air Quality recommended the 
following research on the modeling of atmos- 
pheric dispersion in such areas:" 


e Regional models should be developed 
that can simulate effects at long dis- 
tances from the sources. For SO:, these 
distances could approach 600 miles. Up- 
wind pollutant concentrations should be 
determined and used as input data to the 
models. 

e The regional models should allow the use 
of a fine-resolution grid spacing near the 
pollution sources, and a coarse spacing 
at greater distances. Given this capabil- 


*CRSTER is a Gaussian model developed by EPA, AQPUF2 is 
a segmented-plume Gaussian rough-terrain model. 


ity, near-source effects and more distant 
impacts could be modeled simultane- 
ously. ; 

e Chemical reaction and deposition mod- 
ules should be included wherever the 
modeled region is large enough for these 
effects to be significant. 

e A simulation of photochemical oxidant 
formation and of the conversion of SO, to 
sulfates should be combined in the same 
model. 


More specific research needs can be iden- 
tified for the oil shale region. The models used 
to date have given only rough estimates of the 
impacts of oil shale development on ambient 
air quality. Because the models are only ap- 
proximations, they cannot provide definitive 
answers to crucial air quality questions. No 
commercial-scale oil shale facilities exist that 
could supply the data for verification. Fur- 
thermore, essential information is lacking on 
meteorological conditions in locations other 
than in the immediate vicinities of some of the 
proposed development sites. 


The models themselves need to be im- 
proved for the oil shale region. Near-source 
models need to be modified to better simulate 
chemical reaction, coagulation, deposition, 
and visibility effects of oil shale plumes dur- 
ing stagnation periods. Models are also need- 
ed that can simulate the effects that several 
facilities would have on air quality in a small 
area having complex terrain. This capability 
will be critical in evaluating the effects of 
second-generation oil shale plants. A good 
site for analysis would be the southeastern 
corner of the Piceance basin. PSD permits 
have already been issued for three projects in 
this area, which contains much of the private- 
ly owned oil shale land in Colorado. More ap- 
plications may be submitted in the near fu- 
ture. Models are also needed that can simu- 
late the effects of wind rate on generation 
and transportation of fugitive dust from stor- 
age and disposal areas. 


Many of these improvements also are 
needed by regional dispersion models. In par- 
ticular, existing models should be modified to 
simulate long-range visibility effects of oil 
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shale plumes. This capability will be required 
to respond to the forthcoming visibility reg- 
ulations. Visibility models exist that deal with 
the formation of aerosols and particulates 
from SO, and NOx, but these models are ap- 
plicable to examinations of urban smog and 
powerplant emissions. Greater emphasis 
would have to be given to HC reactions in 
order to modify these models to simulate oil 
shale plume effects. 


The need to model the cumulative impacts 
on regional air quality is particularly impor- 
tant. Each scenario should include specifica- 
tions for the locations of oil shale plants, a 
characterization of their pollution control 
technologies, and estimates of their emissions 
rates. The region’s meteorology would have to 
be accurately characterized over periods of 
several days, or for at least the time required 
for the full impact of the combined emissions 
to be experienced in nearby Class I areas. 


Computational modules would have to be in- 


cluded for the effects of emissions, disper- 


sion, aerosol dynamics, chemical reaction, 
deposition, and visibility. The model also 


should handle differences between daytime 
and nighttime mixing heights and atmos- 
pheric chemistry. In addition, the regional 
models would have to be validated, either 


| through tracer studies in the oil shale region 
| itself or by examining the ability of the model 


to simulate the behavior of emissions from a 


_ group of coal-fired powerplants or smelters. 


One type of tracer study that could be used 
to validate the models is the release of sulfur 
hexafluoride, or a similar tracer compound, 
followed by the monitoring of tracer concen- 
trations at numerous ground-level locations. 
A dense pattern of monitoring stations would 
be needed to locate maximum concentrations, 
because the widely varying wind patterns in 
the oil shale region prevent any attempt to 
characterize total wind fields by interpolat- 
ing data from a few stations. Baseline meas- 
urements of pollutant concentrations and vis- 
ibility parameters upwind from the source 
would be required to accurately simulate the 
chemical interactions of the tracer plumes. 


The state-of-the-art of near-source and re- 
gional dispersion modeling is being advanced 
by R&D programs under the sponsorship of 
EPA and other organizations. The following 
projects are of particular importance to eval- 
uating the air quality impacts of oil shale 
plants. 


e EPA is funding a project with DRI to 
combine information on oil shale emis- 
sions and meteorology, and to use region- 
al models to assess air impacts from sev- 
eral commercial-size oil shale facilities. 
The model will also handle emissions 
from other sources such as traffic, pow- 
erplants, and other mineral-processing 
plants. 

e EPA is funding a project with the Univer- 
sity of Minnesota to develop a simple 
model of aerosol dynamics, including 
conversion of gases to aerosols, that may 
be of use in evaluating the effects of the 
chemistry of oil shale plumes on visibili- 
ty. 

e Los Alamos Scientific Laboratory is 
funding a project with the John Muir In- 
stitute for Environmental Studies to de- 
velop a multiple-source visibility model 
that could be applied to regional disper- 
sion studies in the oil shale area. In a 
related study, the University of Wyoming 
and Los Alamos are funding a project to 
develop a regional haze model which 
might be useful in assessing visibility ef- 
fects of oil shale plumes. 

e EPA is funding an in-house project at Re- 
search Triangle Park to develop a multi- 
ple-layer atmospheric model that is de- 
signed to explain regional O; patterns in 
the Northeast. It may also be useful for 
explaining the high O; concentrations 
encountered in the oil shale area. 

e EPA is funding a project with Systems 
Applications, Inc., to model the air quali- 
ty effects of oil shale industries with 
capacities of 400,000 bbl/d (including 
tract C-a, tract C-b, Colony, Union, Supe- 
rior, tract U-a, and tract U-b) and 1 mil- 
lion bbl/d. The model will handle all 


288 © An Assessment of Oil Shale Technologies 


sources simultaneously and will model 
visibility effects. The project is designed 
as an extension to EPA’s early regional 
modeling exercise. Its major objective is 
to estimate cumulative impacts on exist- 
ing and proposed Class I areas such as 
Flat Tops. 


A Summary of Issues and Policy Options 


Issues 


INADEQUATE INFORMATION 


Extensive work has been undertaken in the 
public and private sectors to determine the 
degree of pollution control that will have to be 
used by oil shale facilities to protect air quali- 
ty. However, no large-scale facilities exist to 
verify the predictions arising from this work. 
Furthermore, the dispersion characteristics 
of treated emissions streams cannot be accu- 
rately predicted because modeling and moni- 
toring methods are not yet adequate. In its 
present state of development, modeling can 
be used, but the results must be carefully in- 
terpreted. Therefore, it is not known what im- 
pacts oil shale unit operations will have on 
air quality at various shale oil producton lev- 
els. Specific areas of uncertainty and some 


suggested R&D responses are summarized in 
table 50. Some of the uncertainties, such as 
dispersion behavior, could be reduced some- 
what by means of laboratory studies and 
computer simulations; others, such as the 
performance characteristics of control tech- 
nologies, may necessitate full-size facilities 
and extended programs under actual operat- 
ing conditions. It is important that emissions 
studies and monitoring and modeling pro- 
grams keep pace with oil shale development. 


LIMITS ON OIL SHALE DEVELOPMENT 


The atmosphere has a finite carrying ca- 
pacity; that is, it can only disperse limited 
quantities of airborne pollutants. The effect 
of the carrying capacity of air in the oil shale 
region on the long-term development potential 
of oil shale resources is unknown. A crude re- 
gional modeling study undertaken by EPA has 
indicated that an industry of 200,000 to 
400,000 bbl/d could probably be controlled to 
meet PSD regulations in the Piceance basin. It 
is unclear whether a larger industry (the 
order of 1 million bbl/d) could be established 
in the Piceance and Uinta basins without vio- 
lating air quality regulations. 


Additional questions arise regarding the 
manner in which PSD increments will be allo- 


Table 50.—Areas of Inadequate Information and Suggested R&D Responses 


Area of uncertainty Relevance Research need 


Baseline air quality conditions and Inhibits accurate modeling of emis- Regional characterization studies, including measurement of visibility and 


meteorological characteristics 


Emissions characteristics 


Performance of control 
technologies 


Dispersion behavior 


Trace element behavior 


sions dispersion and deposition concentrations of criteria and noncriteria pollutants and determination of 
meteorology, especially with respect to worst case conditions. 


Prevents evaluation of control effec- Characterization of stream and fugitive emissions, beginning with pilot-plant 


tiveness and cost and reduces studies and continuing with first-generation modules and pioneer commercial- 
modeling accuracy. size plants. Streams from individual unit operations should be integrated to 
simulate expected commercial conditions. 
Inhibits modeling and cost Additional pilot-plant and demonstration-plant programs. 
estimation. 
Inhibits evaluation of near-source and Improvement in modeling and monitoring techniques for complex terrain, 
regional air quality impacts. including development and validation of near-source and regional dispersion 


models. Models to be validated for the terrain and meteorology of the oil shale 
region and for emissions similar to those expected from oil shale operations. 


Inhibits evaluation of the effects of oil Monitoring of trace element concentrations in process feed streams, treated 
shale development on human health, emissions streams, and fugitive emissions. Examination of the effects of 
plants, and animals. conventional control technologies on trace elements. Determination of the 
relationships between trace element concentrations in soils and plants and 
nutritional problems. Development of indicator species. Studies of the synergis- 
tic effects of trace elements on vegetation. 


SOURCE: Office of Technology Assessment. 


cated to potential oil shale developers. The oil 
shale region has been designated Class II, but 


several Class I areas exist nearby that could 


be affected by oil shale operations. The law 
prohibits any facility to exceed the PSD limi- 
tation in any area, including the area in 
which the facility is to be sited and any adja- 
cent areas. Thus, oil shale developers will 
have to demonstrate that their facilities will 
satisfy both Class II PSD standards and Class 
I standards. 


Under the present regulatory structure, 
PSD increments are allocated on a first-come, 
first-serve basis. The first oil shale plants in a 
given area could exhaust the entire incre- 


ments. If this occurs, subsequent developers, 


who might be delayed by the preliminary sta- 
tus of their processing technologies, will not 
be able to locate in the same area, regardless 
of the efficiency of their air quality control 
strategies. 


Under the provisions of the Act, new facil- 


ities can be located in a polluted area if they 


are able to offset their emissions by reducing 


the emissions of other industrial plants in the 
'same area. This strategy may be feasible in 
-urban industrialized areas, especially where 
existing facilities are old and do not employ 
state-of-the-art air pollution control methods. 


It is not applicable to the oil shale areas at 
present because there are few industrial fa- 
cilities against which to offset new emissions. 


It probably will continue to be inapplicable as 
the area industrializes, because any new 


plants will be built with the best available 
control technologies to reduce emissions to 
minimum levels. A subsequent oil shale devel- 
oper would thus be forced to improve on these 
control methods. It is uncertain whether this 
could be done at reasonable cost. 


These constraints could result in each oil 
shale plant being surrounded by a buffer 
zone in which no additional industrial activ- 
ities (including oil shale development) would 
be allowed. Without reliable regional air 
quality modeling studies, it is impossible to 


predict the width of these buffer zones. How- 
ever, it is very possible that such zones could 


substantially reduce the area of a given oil 
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shale basin that could be developed, and thus 
limit the ultimate size of the industry that 
could operate within the basin. 


UNDEFINED REGULATIONS 


The Clean Air Act stipulates a need to pro- 
tect visibility in Federal mandatory Class I 
areas. While regulations are to be promul- 
gated by EPA by November 1980, and by the 
States by August 1981, uncertainties still ex- 
ist as to the potential implications for oil 
shale development in regard to the siting of 
future oil shale facilities. In addition, EPA is 
presently developing incremental PSD stand- 
ards for HC, CO, O;, NO x, and lead. Oil shale 
facilities will have to comply with these new 
standards. 


Another area of uncertainty concerns 
emission standards for hazardous air pollut- 
ants under section 112 of the Clean Air Act. 
To date, the emissions that are regulated are 
asbestos, vinyl chloride, mercury, and berylli- 
um. Controls have been required for indus- 
tries that produce these substances at high 
rates. To date, the oil shale industry has not 
been included under the regulations for these 
pollutants because it is expected that they 
will be generated at low levels, if at all. How- 
ever, EPA is in the process of developing haz- 
ardous emissions standards for POM, arse- 
nic, and possibly other substances. It does not 
appear at this time that these substances will 
be regulated for oil shale operations, but the 
regulations could be applied to oil shale if the 
substances are found in the emissions 
streams during future characterization stud- 
ies. Furthermore, it is also possible that addi- 
tional regulations could be promulgated for 
substances that have already been detected 
in these streams. 


It should also be noted that a recent U.S. 
Circuit Court of Appeals decision in the case 
of Alabama Power, et al. v. EPA may result in 
significant changes in the PSD regulations. 
The definition of baseline conditions, fugitive 
dust control requirements, and monitoring re- 
quirements are among the issues on which 
the court has rendered a decision. As a result 
of the decision, EPA proposed certain revi- 
sions to the PSD regulations on September 5, 
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1979. However, the effect of the court deci- 
sion and the proposed regulations on the con- 
ditions for PSD permits for oil shale facilities 
is unclear at this time. 


Policy Options 


LIMITS ON DEVELOPMENT 


Siting constraints will probably not be 
severe for an oil shale industry of 200,000 to 
400,000 bbl/d. However, it appears likely that 
a large industry (the order of 1 million bbl/d) 
could encounter siting difficulties because of 
the Class II status of the resource region, the 
possibility that the initial facilities will ex- 
haust the total PSD increments over large 
areas, and the existence of Class I areas near 
the region. If this appears to be the case, 
there are several possible actions that could 
be taken. These are briefly described below. 


e Retain the current regulatory structure. 
This option would not alter existing air 
quality standards and PSD regulations 
as promulgated under the Clean Air Act. 
Under existing law, all oil shale facilities 
would have to undergo a preconstruc- 
tion review before a PSD permit would 
be granted. The use of BACT would be 
required, and the developer would have 
to demonstrate that air quality regula- 
tions would not be violated either within 
the Class II area of development or in 
nearby Class I areas. As indicated previ- 
ously, the current policy of allocating 
PSD increments on a first-come, first- 
serve basis might constrain the commer- 
cialization of those technologies that are 
in the early phases of development, and 
in addition might limit the ultimate size 
of an oil shale industry within the re- 
source region. 

¢ Coordinate issuance of PSD permits for 
oil shale plants. This option would not 
alter existing PSD regulations as promul- 
gated under the Clean Air Act. However, 
it would change the current approach to 
the issuance of PSD permits for oil shale 
plants by EPA. Rather than issuing PSD 
permits on a first-come, first-serve basis, 
EPA would encourage coordination with 


all prospective oil shale developers prior 
to their preparation of PSD applications. 
This effort would seek a coordinated 
strategy for maximizing shale oil produc- 
tion while maintaining the ambient air 
quality at regulated levels. Implementa- 
tion could be constrained by, for exam- 
ple, antitrust laws. 

Alter existing regulatory procedure in al- 
location of PSD increments. Under this 
option, EPA would allocate a portion of 
the total PSD increment to each firm 
when it applied for a PSD permit. The re- 
maining portions of each increment 
would be reserved for future industrial 
growth. Although this option would 
allow for a certain level of additional 
growth, it could impose technical and 
economic burdens on the individual ap- 
plicants, because each proposed facility 
would be required to maintain lower 
emission levels than would be the case 
under the existing regulatory structure. 
Redesignation of the oil shale region 
from a Class II to a Class III area. This 
option would lower air quality but would 
allow for more industrial development. 
The action would be initiated at the 
State level, with final approval being 
necessary from EPA. The following cri- 
teria would have to be satisfied: 


—the Governors of Colorado, Utah, or 
Wyoming must specifically approve 
the redesignation after consultation 
with legislative representatives, and 
with final approval of local govern- 
ment units representing a majority of 
the residents of the area to be redesig- 
nated; 

—the redesignation must not lead to pol- 
lution in excess of allowable incre- 
ments in any other area; and 


—other procedural and substantive re- 
quirements for redesignation under 
State and Federal law must be satis- 
fied. 

While such an option would appear to 
allow for about twice as much oil shale 
development as is presently possible 
under a Class II area designation, con- 


straints would still occur because of the 
nearby Class I areas. 

e Amend the Clean Air Act. This congres- 
sional option would exempt the oil shale 
region from compliance with certain 
provisions of the Clean Air Act. Con- 
gress might direct EPA and the States in 
question to redesignate the oil shale re- 
gion from a Class II area to a Class III 
area, and to exempt the oil shale devel- 
opers from maintaining the visibility and 
air quality of nearby Class I areas. This 
option would remove the major uncer- 
tainties surrounding the siting of oil 
shale facilities within the resource re- 
gion itself, and would remove any siting 
barriers connected with the degradation 
of nearby Class I areas. Such an option 
would allow development up to the Class 
III standards, which permit lower air 
quality than Class II standards. Thus, 
this option would allow an industry of up 
to 800,000 bbl/d to be sited in the Pice- 
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ance basin and an unknown amount in 
Utah and Wyoming, but at the cost of in- 
creased air pollution. 


IMPROVE TECHNICAL INFORMATION 


Additional analysis is needed of the poten- 
tial effects of oil shale development on air 
quality. Such analysis will be useful in identi- 
fying long-term R&D needs in protecting air 
quality and in identifying siting problems im- 
posed by existing air quality regulations and 
standards. Some options for improving the 
quality of technical information might in- 
clude: the further development of existing 
R&D programs, the coordination of R&D work 
by Federal agencies, the redistribution of 
funds within agencies for air quality re- 
search, increased appropriations to agencies 
to accelerate their air quality studies, and the 
passage of new legislation specifically tied to 
funding R&D relating to air quality impacts at 
various levels of oil shale development. 


Water Quality 


Introduction 


Development and operation of oil shale fa- 
cilities could contaminate surface and ground 
water from point sources such as cooling wa- 
ter discharges, nonpoint sources such as run- 
off and erosion, and accidental discharges 
such as spills from trucks, leaks in pipelines, 
or the failure of containment structures. The 
pollutants could adversely affect aquatic 
biota, irrigation, recreation, and drinking 
water. The severity of these impacts will be 
determined by the scale of operation, the 
processing technologies used, and the types 
and efficiencies of the pollution controls. 


The water systems may be affected during 
the operating lifetime of an oil shale facility, 
and such long-term impacts as those from the 
leaching of disposal piles could continue for 
many years after operations ceased. Accu- 
rate prediction of the impacts requires an 
understanding of the characteristics, trans- 
port routes, and fates of the pollutants that 


might be released. Much work has been done 
to describe the quantity and quality of sur- 
face and ground water resources in the oil 
shale region. However, little is known about 
the nature and ultimate impacts of the pollut- 
ants produced by oil shale processing. For ex- 
ample, a number of these pollutants may be 
carcinogenic, mutagenic, and teratogenic.* 
Information is not available on the risks 
posed by these pollutants at the levels likely 
to be encountered in the surface and ground 
water affected by oil shale development. 


In this section: 


e The types of wastewaters produced by 
oil shale operations are characterized. 

e Rates for the generation of these con- 
taminants are estimated. 

e Potential impacts of effluent streams on 
surface and ground water are identified. 


*Carcinogens cause cancer. Mutagens cause mutations in 
offspring. Teratogens cause fetal defects. 
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e The quality of surface and ground water 
resources in the oil shale region is exam- 
ined. 

e The applicable Federal and State water 
quality regulations and standards are 
described. 

e The effects of these regulations and 
standards on a developing oil shale in- 
dustry are analyzed. 

e The pollution control strategies that may 
be applied are described and evaluated. 
The net rates at which pollutants will be 
emitted in treated streams are then esti- 
mated. 

e Procedures for predicting and monitor- 
ing compliance with water quality regu- 
lations are discussed. 

Issues and R&D needs are summarized. 
Policy options are discussed. 


Pollution Generation 


The following discussion examines the 
types of effluents generated by various oil 
shale processes. Where data are available, 
the rates at which these effluents are pro- 
duced by different types of facilities are 
estimated. 


Unit Operations and Effluent Streams 


Mining will produce dusty air and gases 
that must be cleaned to protect the miners. 
Wet scrubbing of this mine ventilation air will 
produce wastewater streams that will have 
to be treated. If the shale deposits are located 
in ground water aquifers, then mine drainage 
water will be produced that must be con- 
sumed, discharged to a surface stream, or re- 


Photo credit: OTA staff 


Mine dewatering at tract C-a—water quantity has been greater than anticipated at this site 
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injected into the aquifers. The drainage wa- 
ters will contain inorganic salts, chloride and 
fluoride ions, and boron. They should not con- 
tain significant concentrations of dissolved 
gases or organic chemicals, although dis- 
solved H.S may be found in some locations. 


Retorting produces water by combustion of 
hydrogen, by release of moisture present in 
the feed shale, and by chemical decomposi- 
tion of kerogen. In some aboveground retorts 
(such as TOSCO II and Lurgi-Ruhrgas), this 
water is entrained in the retort’s gas stream 
and is condensed when the product gas is 
cooled. This ‘‘gas condensate’’ will be con- 
taminated with NH;, CO:, H.S, and volatile or- 
ganics, but will not contain appreciable quan- 
tities of inorganic salts. In other processes 
(such as in situ retorting or the Paraho or 
Union ‘‘B”’ aboveground retorts) some of the 
water may condense within the retort or in 
the oil/gas separators. This ‘‘retort conden- 
sate’ will contain H.S, NH;, CO2, and dis- 
solved organics, plus inorganic salts that 
have been leached from the shale in the re- 
tort. Trace elements and toxic metals could 
also be present. 


Upgrading will include several operations: 
gas recovery, hydrogen generation, gas-oil 
and naphtha hydrogenation, delayed coking, 
NH,/acid-gas separation, foul-water strip- 
ping, and sulfur recovery. Gas recovery and 
hydrogen generation produce little wastewa- 
ter. However, hydrotreaters and cokers pro- 
duce foul condensates that are contaminated 
with dissolved gases and organics. Gases are 
usually removed within the upgrading unit. 
Thus, the principal pollutants in the final ef- 
fluent stream are dissolved organic com- 
pounds. 


Air pollution control.—Dust scrubbers and 
water sprays will produce an effluent that 
contains suspended solids and dissolved in- 
organic salts. Effluent streams from gas 
cleaning devices will also contain solids and 
salts as well as HC, H.2, NH, phenols, organic 
acids and amines, and thiosulfate, and thio- 
cyanate ions. The principal sources of waste- 
water will be scrubbers and units for the re- 
covery of sulfur and NH;." Different devices 


produce significantly different quantities of 
wastewater with different types and concen- 
trations of contaminants. For example, a 
Claus/Wellman Lord sulfur recovery system 
would produce a neutralized acidic wastewa- 
ter;'® a Stretford sulfur absorption unit would 
not. 


Steam generation and water cooling.— 
High-quality water must be used to generate 
steam for power generation or process needs. 
Generally, the boiler feedwater must be 
treated to remove inorganic salts. The treat- 
ment (usually lime softening or ion exchange) 
generates liquid wastes. In addition, the 
water in a boiler becomes concentrated in 
dissolved materials, and a portion must be 
continually replaced with freshwater. The 
chemical species in the boiler wastewater 
(blowdown) will be similar to those in the raw 
water, but they will be more concentrated. 


Wet cooling towers will be used to cool the 
water that is used in heat exchangers. Cool- 
ing towers work by evaporating a portion of 
the water passing through them. This evap- 
oration concentrates the chemicals that enter 
with the feedwater, just as in a boiler. The 
water that must be removed to control the ac- 
cumulation of solids (blowdown) will be chem- 
ically similar to the feedwater but will also 
contain chemicals that are added to control 
the growth of algae in the tower. 


Spent shale disposal.—Spent shale from 
aboveground retorting will be exposed to 
leaching by rainfall, snowmelt, or irrigation 
water. If wastes are disposed of by backfill- 
ing mines, they may be leached by ground 
water. Leachates from various spent shales 
have been studied by a number of investi- 
gators.’ ’ Their properties vary widely with 
the retorting process but in general they con- 
tain significant concentrations of total dis- 
solved solids (TDS), sulfate, carbonate, bicar- 
bonate, and other inorganic ions, and lesser 
amounts of trace elements and organic com- 
pounds. They are alkaline, with pH values 
ranging from 8 to 13. Their addition to the 
naturally occurring waters in the oil shale re- 
gion could result in significant water quality 
changes, but the severity of the risk is diffi- 
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cult to ascertain. For example, one leachate 
was tested according to EPA procedures, and 
the spent shale could not be classified as a 
hazardous waste on the basis of its trace ele- 
ments and toxicity."*° However, some spent 
shales could be classified as hazardous be- 
cause of the presence of organic residues.” 


Leaching of in situ retorts.—In situ retort- 
ing presents an environmental problem be- 
cause ground water is found in many of the 
deposits to which this process could be ap- 
plied. The increases in permeability that 
would result from mining, fracturing, and re- 
torting would facilitate leaching after dewa- 
tering operations are discontinued. Soluble 
materials in the spent shale would thus enter 
the ground water and would eventually reach 
surface streams. Such transport would take 
long periods of time. However, if aquifers are 
contaminated, cleanup would be virtually im- 
possible. 


Summary of Pollutants Produced by 
Major Process Types 


Approximate rates of generation of major 
pollutants are summarized for four facilities 
in table 51.* Five factors should be kept in 
mind in reviewing this table: 


e The rates are for the generation of pol- 
lutants—not for their release to the en- 
vironment. The rate of release will be de- 
termined by the strategies that are used 
to remove the contaminants. 

e Retort condensates are not shown for 
the AGR processes because it is as- 
sumed that the retorts will be operated 
at temperatures that will avoid conden- 
sation of water vapors within the retort. 
This should be achievable with most re- 
torting systems. However, others (like 
the Union ‘‘B’’) may produce substantial 
quantities of retort condensate. 

¢ No mine drainage water is shown for the 
aboveground plants because it is as- 
sumed that they will not be sited in 
ground water areas. This assumption re- 


*See app. C for details. 


Table 51.—Generation Rates for Principal Water Pollutants for 
Production of 50,000 bbi/d of Shale Oi Syncrude (tons/d) 


Type of retorting facility 


Aboveground Aboveground MIS/ 
direct indirect MIS aboveground 
Gas condensates 
oe 75.6 14.7 276 189 
Ho soonueee 0.9 23 15 11 
GO, tae 136 17.5 541 371 
if | ee oo 19.2 28.5 18.5 12.7 
Subioial . . 232 53 837 574 
Retort condensates 
i. Se (b) (b) 3.5 24 
HA «56 Se ex: (b) (b) — — 
es eee (b) (b) 48.2 33.1 
BD cat (b) (b) 10.1 7.3 
Subiotal . . - — _ 62 43 
Upgrading condensates 
| ee 134.2 134.2 134.2 134.2 
i. eee 58.8 58.8 58.8 58.8 
COs ae 14 14 14 14 
if | eae 3.7 3.7 3.7 3.7 
Subiotal . . . 198 138 138 138 
Blowdown and waste treatment 
Ca/Mg/Na®. - 6.0 5.3 12.2 11.2 
Chioride. . . . - aS 57 0.9 0.8 
Fluoride... _ . — — 0.3 0.2 
Sulfate ....- 6.5 6.8 B.4 76 
Subtotal . . - 18 19 22 20 
Mine drainage treatment 
C0;=/HCO;-= (7) (f) 23.1 23.1 
Boron ...... (f) (i) 0.1 0.1 
Ca/Mg/Na®. . (7) (f) 145 145 
Chloride... . . (7) (7) 0.7 0.7 
Fluoride... . (i) (i) 05 0.5 
ge eee (f) (f) 0.5 0.5 
Suliaie _. _. . (f) (f) 12.6 12.6 
Subtotal . - - <= == 32 32 
Total... 488 295 1,171 BB7 


2Tons per stream day. 

Dassumes aboveground retorts operated al femperatures that do not produce condensate 
Cincludes waler pretreatment. Aboveground plants use Colpradn River water. MIS and MIS/ 
aboveground plants use mine drainage water. 

SCaicium, magnesium, and sodium ions 

Carbonate and bicarbonate ions 

‘Assumes aboveground reioriing plants are not located in ground water areas. 


SOURCE: Office of Technology Assessment 


flects present developer proposals. It 
would not be valid for future plants in 
the center of the Piceance basin. 

¢ No retort leachates are shown for the 
MIS retorts because the raie of leaching 
and the efficacy of control systems can- 
not be accurately estimated. One study 
estimated that a commercial MIS facility 
might yield over 2,000 ton/d of soluble 
salts, but only crude estimates were 
made of the rate of release.” 


; 
- 
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¢ No rates are shown for trace elements, 
heavy metals, or toxic organic chemicals 
because these are produced in much 
smaller amounts than the major pollut- 
ants. However, they can be both more 
hazardous and more difficult to re- 
move.,2'-28 


The estimates indicate that MIS processing 


_ on tract C-b will produce the greatest quanti- 


' 


ty of wastewater contaminants for treatment, 
mostly because of the large gas condensate 
stream. A substantial difference is shown be- 
tween the aboveground direct and above- 
ground indirect plants with respect to the 
rates at which pollutants are generated in the 
gas condensate streams: the directly heated 
facility produces about four times as much 
dissolved gas (largely CO, and NH). This is 
because more air is introduced into directly 
heated retorts. The trend is consistent with 
the even higher gas condensate production of 
the MIS retorts, which are also assumed to be 
directly heated. 


Effects of Potential Pollutants on 
Water Quality and Use 


Salinity 


Oil shale development could increase the 
salinity in surface and ground water systems 
through two processes: 


¢ Concentration of naturally occurring 
saltwater as high-quality water is with- 
drawn for consumptive uses. (This effect 
is discussed in ch. 9.) 

e Salt loading from leaching of waste dis- 
posal piles and in situ retorts, from re- 
lease of saline mine or process waters, 
and from ground water disturbances 
caused by reinjection. 


Salinity increases are a significant problem 
because as water becomes more mineralized, 
its municipal, domestic, ecological and agri- 
cultural utility is reduced.* If dissolved solids 


*This is of major importance because the Colorado River sys- 
tem is one of the most important river systems in the South- 
west. It serves approximately 15 million people. Municipalities, 
agriculture, energy production, industry and mining, recrea- 


increase over 500 mg/l, treatment for munici- 
pal and industrial water users becomes more 
costly, and the yield of irrigated farmlands 
might be reduced.” For public drinking water 
supplies, EPA recommends limits of 500 mg/l 
for dissolved solids and 250 mg/l for both 
chlorides and sulfates.” 


Oil and Grease 


Because large amounts of shale oil will be 
produced, processed, and transported, there 
is a possibility of oilspills. If they cannot be 
contained or removed, detrimental impacts 
would occur to aquatic biota. Small spills, 
such as from pipeline leaks, could cause local 
damage. If undetected, the long-term impacts 
could be substantial. Oil and grease in public 
water supplies cause an objectionable taste 
and odor, and might ultimately endanger pub- 
lic health. 


Suspended Solids 


Sedimentation problems will be increased 
because large amounts of land will be dis- 
turbed, which will increase the area’s sus- 
ceptibility to erosion. Suspended solids make 
surface water cloudy and increase its tem- 
perature, thereby affecting aquatic life. Sus- 
pended solids in industrial waters can dam- 
age some types of equipment. 


Temperature Alteration 


An industry may alter stream tempera- 
tures by discharging warm waste streams, by 
consuming cool water, or by lowering the 
ground water table. Discharges from power- 
plants could also increase temperatures, but 
the developers do not expect to do this. The 
construction of new reservoirs could also 
alter stream temperatures. While tempera- 
ture is not a critical factor in water for in- 
dustrial use, for drinking, or for irrigation, 


tion, wildlife, Federal lands, and Indian reservations all com- 
pete for its waters. Presently, salinity of the Colorado River at 
Hoover Dam is 745 mg/l. Unless efficient control technologies 
can be employed, estimates have indicated that a large oil 
shale industry has the potential, due to salt loading and salt 
concentration, to increase the salinity level at Hoover Dam by 
several mg/l. 
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large variations would affect all aquatic life, 
both directly and indirectly (e.g., by influenc- 
ing their susceptibility to disease and toxic 
compounds.)}*! Because the Colorado River 
system is large, and variations in water tem- 
peratures occur naturally, it is not expected 
that oil shale development will significantly 
affect its temperature.” 


Nutrient Loading 


The potential sources of nitrogen and phos- 
phorous are ground water discharge, runoff 
from raw and spent shale, municipal wastes, 
and chemical fertilizers used for reclaiming 
land. These nutrients would adversely affect 
nearby surface waters, but the effect on the 
total river system is uncertain. The overall 
impact will depend on where the facilities are 
located and on the degree of waste treatment 
used. 


Toxic Substances 


Sources of toxic trace elements and organ- 
ic chemicals include stack emissions from 
processing operations, chemicals used in up- 
grading and gas processing, leachates from 
raw and retorted shale, and associated in- 
dustrial and municipal wastes. These sub- 
stances are of concern because of their po- 
tential impact on aquatic life, and on human 
health through drinking water supplies and 
irrigation. Concentrations of certain minerals 
in the region’s water already exceed the lim- 
its set for certain water uses.* Oil shale de- 
velopment could increase these levels and 
could also add other toxic contaminants. For 
example, cadmium, arsenic, and lead, and 
other heavy metals could be leached from 
spent shale piles. Organic compounds (phe- 
nols, benzene, acetone) that are suspected 
carcinogens and that have been identified by 
EPA as high-priority hazardous water pollut- 
ants also are found in oil shale process 
waters. 


*For example, the boron content in Evacuation Creek, near 
lease tracts U-a and U-b exceeds the irrigation standard. See 
the next section on water quality in the oil shale region for a 
more detailed discussion. 


Microbial Contamination 


The microbial contamination of surface 
waters could occur if rapid population 
growth overloads sewage treatment facil- 
ities. (See ch. 10 for a discussion of the prob- 
lems of rapid growth.) Improperly treated 
sewage containing viruses, bacteria, and 
fungi could be released into the water system. 
These problems could be controlled by the 
construction or expansion of sewage treat- 
ment plants. 


Water Quality in the Oil Shale Region 


The current properties of the water define 
how it must be treated before it can be used 
in oil shale facilities. More importantly, they 
define the level to which wastewater must be 
treated before it can be discharged. In gener- 
al, regulations do not permit the discharge or 
reinjection of wastewater unless it is at least 
as pure as the receiving stream or aquifer. As 
indicated by the data in table 52, the quality 
of surface streams is highly variable. It also 
tends to deteriorate between upstream and 
downstream reaches, as exemplified for Pice- 
ance Creek east and west of tract C-b. All of 
the streams described in the table satisfy the 
standards promulgated by EPA and the U.S. 
Public Health Service for the maintenance of 
aquatic life and wildlife. Moreover, with the 
exception of Evacuation Creek, all are suit- 
able for irrigation water supplies and for live- 
stock watering. Evacuation Creek’s boron 
content exceeds the irrigation standard, and 
its dissolved solids level exceeds the livestock 
watering standard. However, none of the 
streams satisfies the standards for public 
drinking water. The standard for dissolved 
solids is exceeded by all the streams, espe- 
cially Yellow Creek and Evacuation Creek. 
Evacuation Creek also exceeds the standard 
for boron, sodium, and sulfate ions. The sodi- 
um standard is also exceeded by Yellow 
Creek, and the sulfate standard by all three 
creeks and the spring. 


Ground water is generally of poorer quality 
than surface streams. The quality of alluvial 
aquifers and of the upper and lower bedrock 
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Table 52.—Quality of Some Surface Streams in the Oil Shale Region (mg/1) 


Basin Piceance Uinta Piceance Piceance Piceance Piceance Piceance Uinta 
Piceance Creek _— Piceance Creek Spring at Evacuation 
Stream Colorado River White River east of C-b west of C-b Yellow Creek Willow Creek Willow Creek Creek 
Reference 14 15 16 16 17 16 16 15 
Ammonia....... NA 0.06 NA NA 0.153 0.1 0.1 0.06 
Bicarbonate ..... 168 241 542 601 1,470 606 540 bile 
BOLONe et eee NA 0.088 NA NA 0.642 0.2 0.6 1.95 
ales reese. 72 Ti 70 79 31.9 143 161 214 
Carbonate...... NA 0.2 0.0 0.0 118 0.1 0.1 0.0 
Cnlopide era me. ar: 205 42 16 14 124 4.0 0.8 66 
Dissolved solids. . 734 551 718 944 2,430 995 910 4,948 
Fiuoride 33.3... NA 0.03 1.0 0.7 2.09 ilazh 1.4 0.9 
hardness: be aacna: NA 299 NA NA 541 576 516 1,400 
Magnesium..... 19 29 47 69 112 53 28 209 
Ofna PRESS CE, Ader NA 8.2 8.2 8.2 8.7 7.9 7.9 7.9 
SHIGE NS 2 eee 7.0 13 16 ili, 10.5 13 als) 10 
DOGIUMe = eee ane 153 78 130 160 746 138 125 972 
SHIEH ss ogee ners 158 188 170 300 550 350 310 2,889 


See reference list. 
Dpata not available. 


SOURCE: Office of Technology Assessment. 


ground water aquifers in the Piceance basin 
near Federal lease tracts C-a and C-b is 
shown in table 53.* Water from the alluvial 


Table 53.—Quality of Ground Water Aquifers 
in the Piceance Basin (mg/I) 


Aquifer Alluvial Alluvial Upper Lower 
and upper aquifers could be used for irriga- Reference? 17 16 16 16 
tion, but its high dissolved solids content Ammonia....... 0.337 NA® NA NA 
could harm many crops. Water from the low- Bicarbonate. ... . 573 1,220 990 9,100 
er aquifer could be used only with very toler- rae, Bey pate ee ety 
ant plants on permeable soil, and that from Carbonate...... 11.4 NA NA NA 
some portions of the aquifer could not be used Chloride ....... 17.9 42 16 690 
at all because the lithium and boron concen- PRO Oe ae aes ira. 
trations would be toxic to many plants. Ex- Hardness ...... 600 NA NA NA 
cept for the lower aquifer, the ground water Magnesium... .. 83.9 80 60 9.9 
resources could be used for livestock. All of Bee ae Me i a 
the water would be suitable for maintenance Sodium........ 202 490 210 3,980 
of aquatic life and wildlife. Sulfatea. = aaa 467 430 320 80 


None of the aquifers meets drinking water 
standards.** Special problems are encoun- 
tered with boron, which in one sample of low- 
er aquifer water exceeded the drinking water 
standard by a factor of 320. Also, the aver- 
age fluoride concentration in lower aquifer 
water is about 28 times the drinking water 
standard.* Dissolved solids concentrations in 
the lower aquifer range from a level that 
would satisfy drinking water standards (500 
mg/l) to over 40,000 mg/l. A concentration of 
63,000 mg/l was reported for one sample.” 


*The ground water resources of the Piceance basin are de- 
scribed in ch. 9. The bedrock aquifers are separated by the oil 
shale deposits of the Mahogany Zone. Alluvial aquifers are 
generally found near the surface in valley walls and floors. 


63-898 0 - 80 - 20 


ASee reference list. Data not available. 
SOURCE: Office of Technology Assessment. 


Water Quality Regulations 


Regulations for the maintenance of surface 
and ground water quality have been promul- 
gated under the Clean Water Act and the 
Safe Drinking Water Act. They are imple- 
mented at the Federal and State levels, to- 
gether with additional State standards. In the 
following discussion, the provisions of these 
Acts that are of particular significance to oil 
shale are emphasized. 
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The Clean Water Act 


The objective of the Federal Water Pollu- 
tion Control Act (FWPCA) is ‘‘to restore and 
maintain the chemical, physical, and biologi- 
cal integrity of the Nation’s waters.” In 1972, 
FWPCA was amended to establish a complex 
program to clean up the Nation’s waterways 
by limiting the effluents of all classes of pol- 
luters. These limits were to be tightened until 
the ultimate goal of no pollution discharge 
into navigable waters was achieved. The min- 
ing industry had difficulties meeting the re- 
quirements of this program. Congress re- 
sponded to these problems, and to the recom- 
mendations of the National Commission on 
Water Quality, by further amending the Act 
in 1977. The amended Act, now called the 
“Clean Water Act”’ refined FWPCA’s regula- 
tory scheme for point sources and empha- 
sized the control of toxic effluents. EPA, the 
Army Corps of Engineers, and the States are 
responsible for implementing and enforcing 
this Act. 


The goals of the Act are: 


e the discharge of pollutants into naviga- 
ble waters shall be eliminated by 1985; 

e wherever attainable, water quality 
which provides for the propagation of 
fish, shellfish, and wildlife and for rec- 
reation in and on water, shall be 
achieved by July 1, 1983; 

e discharge of toxic pollutants in toxic 
amounts shall be prohibited; and 

e a major R&D effort shall be made to de- 
velop the technology necessary to elimi- 
nate the discharge of pollutants into the 
navigable waters, the waters of the con- 
tiguous zones, and the oceans. 


To achieve these goals, emissions stand- 
ards are to be set to limit discharges from 
point and nonpoint sources, and ambient 
standards are to be established for the quali- 
ty of surface waters. 


Effluent standards.—Different ap- 
proaches are used for control of point and 
nonpoint sources. Point sources release a col- 
lected stream of pollutants through sewers, 
pipes, ditches, and other channels. These can 


be monitored and regulated with some preci- 
sion, and they are suited to the application of 
control devices. Nonpoint sources are sites 
from which there is uncollected runoff. Exam- 
ples are irrigated fields and waste disposal 
areas. They present regulatory and techno- 
logical difficulties, and as‘a result, they are 
subject to less stringent legal controls. 


FWPCA established a complex regulatory 
scheme to control pollution from industrial 
point sources: 


e by July 1977, all nonmunicipal polluters 
must use the “‘best practicable pollution 
control technology currently available’’ 
(BPT); public sewage works must use 
secondary treatment; 

¢ by July 1983, nonmunicipal point sources 
must use the “‘best available technology 
economically achievable’”’ (BAT), munici- 
pal sewage treatment plants must use 
the “‘best practicable waste treatment 
technology;”’ 

¢ special effluent standards for toxic pol- 
lutants must be met prior to the 1977 
deadline; 

e new facilities must use the ‘“‘best avail- 
able demonstrated control technology;”’ 
and 

e special restrictions, based on ambient 
water quality standards, must be used if 
the national effluent standards will not 
meet water quality targets in a given 
basin. 


The 1977 amendments changed this frame- 
work: the July 1977 BPT deadline was ex- 
tended until April 1, 1979, for point-source 
polluters who demonstrated a good-faith ef- 
fort to achieve compliance, and the BAT pro- 
visions were completely revised. Industrial 
point-source pollutants were divided into 
three classes—toxic, conventional, and non- 
conventional. Each is treated differently. 
Toxic pollutants cause death, disease, behav- 
ioral abnormalities, cancer, genetic muta- 
tions, physiological malfunctions, or physical 
deformations in any organisms or their off- 
spring. Sixty-five toxic pollutants must meet 
the BAT standards by July 1, 1984; others 
must meet BAT standards within 3 years 


| 


/ oxygen-demanding 
‘solids, fecal coliform, and changes in pH. 


regulatory role. 
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after effluent limitations are established. 
Conventional pollutants include biological 
substances, suspended 


They are subject to the application of ‘‘best 


conventional control technology” by July 1 
1984. In general, this standard is less strin- 


' gent than the BAT standard. Nonconvention- 
| al pollutants—those classified as neither tox- 
ic nor conventional—will be subject to the 
BAT standards no later than July 1, 1987. 


Specific limits on these effluents must be 
adhered to by individual polluters. In prac- 
tice, effluent limitations are developed by 


EPA for each industry. No discharge of any 
pollutant from a point source is allowed un- 
/ less a National Pollutant Discharge Elimi- 
| nation System (NPDES) permit has been 


granted. To obtain a permit, the polluter must 


| meet the applicable effluent limitations, tech- 


nology standards, and water quality goals. 
Permits are obtained from EPA or from the in- 
dividual States, if they have taken over the 
Cancellation of permits for 
noncompliance is one method of enforcing the 
Act, because without a permit, many industri- 
al operations cannot be carried out. It should 


be noted that permits do not simply recapitu- 
| late the effluent guidelines; additional ambi- 


ent standards may also be imposed. 


Special attention is given to new sources 
and to sources that discharge into publicly 
owned treatment works. In practice, perform- 
ance standards for new sources are often 


l equivalent to the 1983 BAT limitations devel- 


oped for existing industries. Any new source 
that complies with an applicable standard of 
performance is not to be subjected to more 
stringent standards during the first 10 years 
of operation. 


Expected effluent limitations for oil shale 
facilities. —EPA has not yet developed stand- 
ards of performance for oil shale facilities. 
However, standards have been established 
for petroleum refining, which has several 
similarities. The BPT standards shown for pe- 
troleum refining in table 54 were based on 


Table 54.—Effluent Limitations for Petroleum Refineries Using 
Best Practicable Pollution Control Technology (BPT) 
(pounds per 1,000 bbl of feedstock) 


Average of daily values 
for 30 consecutive 
days shall not exceed 


Maximum for 
Effluent characteristic any 1 day 


Biochemical oxygen demand 


(CO OE ees ae ee I een a 19.2 10.2 
Total suspended solids........ Neh 8.4 
Chemical oxygendemand...... 136 70 
OwWand Gredseheartt nae ates 6.0 cya 
Phenolic compounds ......... 0.14 0.068 
AMMON a aSINepraA sca gehaernttc 8.3 3.8 
SUMO Sia cane 6 soils) ural ise 0.124 0.056 
OTAGO eee a ueces ry nea 0.29 0.17 
Hexavalent chromium......... 0.025 0.011 
Dorsey ear vei achat ben eyre Must be within the range of 6.0 to 9.0 


SOURCE: E. R. Bates and T. L. Thoem (eds.), Pollution Control Guidance for Oil Shale Develop- 
ment: Appendix, Environmental Protection Agency, Cincinnati, Ohio, July 1979, p. D-9. 


the following wastewater management proce- 
dures: 


e sour water stripping to reduce NH; and 
H.S; 

e segregation of sewers; 

e no discharge of polluted cooling water; 
and 

e oil, solids, and carbonaceous wastes re- 
moved just prior to discharge. 


The BAT standards illustrated in table 55 
were defined using additional treatment 


Table 55.—Effluent Limitations for Best Available Technology 
Achievable (BAT) for Petroleum Refinery Facilities 
(pounds per 1,000 bbl of feedstock) 


Effluent limitations 


Average of daily values 
for 30 consecutive 
days shall not exceed 


Maximum for 
Effluent characteristic any 1 day 


Biochemical oxygen demand 


(BOD s) Mes Heresies > ene! Bee 2.6 
Total suspended solids........ 3.0 2.6 
Chemical oxygendemand...... 16.8 13.4 
OUANGIGKCaSCa ree ett sco 0.60 0.48 
Phenolic compounds ......... 0.015 0.010 
AMmMOtidtaSuNpesneemiewe aieee cues - 2.0 te 
Sulfide Prades EES. serch et: 0.066 0.042 
MOtal GhnCMMUbee es os cae cs = 0.15 0.13 
Hexavalent chromium......... 0.0033 0.0021 
DHS Set Arereee ae Shek ately: Must be within the range of 6.0 to 9.0 


SOURCE: E. R. Bates and T. L. Thoem (eds.), Pollution Contro! Guidance for Oil Shale Develop- 
ment: Appendix, Environmental Protection Agency, Cincinnati, Ohio, July 1979, p. 
D-11. 
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methods now practiced by some petroleum 
refineries. These methods include: 


e use of air cooling rather than wet cooling 
towers; 

e reuse of sour water stripper wastes; 

e reuse of cooling water in the water 
treatment plant; 

e using treated wastewater as coolant 
water, scrubber water, and in the water 
treatment plant; 

e reuse of boiler blowdown as boiler feed- 
water; 

e use of closed cooling water systems, 
compressors, and pumps; 

e use of rain runoff as cooling tower make- 
up or water treatment plant feed; and 

e recycling of untreated wastewaters 
wherever practical. 


NSPS for petroleum refineries, based on a 
combination of BPT and BAT standards, are 
shown in table 56. New sources must meet 
discharge standards that reflect the greatest 
degree of effluent reduction which the EPA 
Administrator determines to be achievable 
through application of the best available dem- 
onstrated control technology, process altera- 
tions, or other methods including, where 
practicable, zero discharge systems. 


Federal ambient water quality stand- 
ards.—The Water Quality Act of 1965 re- 
quired the States to adopt ambient standards 


Table 56.—New Source Performance Standards for Petroleum 
Refineries (pounds per 1,000 bb! of feedstock) 


Effluent limitations 
Average of daily values 
Maximum for — for 30 consecutive 
any 1day days shall not exceed 


Effluent characteristic 
Biochemical oxygen demand 


Pes Pee es aes 2 14.7 7.8 
Total suspended solids........ 9°9 6.3 
Chemical oxygendemand...... 104 54 
Dikand Grease ere tees 4.5 2.4 
Phenolic compounds ......... 0.105 0.051 
AMMONIA ASIN Geta eee 8.3 3.8 
SUMING 2a ee ate oe ie 0.093 0.042 
RGEAIIC INOMUUM eee een na 0.220 0.13 
Hexavalent chromium......... 0.019 0.0084 
eet tee mee Ars et, ee at Must be within the range of 6.0 to 9.0 


SOURCE: E. R. Bates and T. L. Thoem (eds.), Pollution Control Guidance for Oil Shale Develop- 
ment: Appendix, Environmental Protection Agency, Cincinnati, Ohio, July 1979, p. 
D-12. 


for interstate waters. FWPCA required State 
standards for intrastate waters as well. EPA 
will develop the standards if a State fails to 
do so. 


The ambient standards are the basis for 
preventing the degradation of presently clean 
waterways. The regulations provide, without 
qualification, that ‘‘No further water quality 
degradation which would interfere with or 
become injurious to existing instream water 
uses is allowable.’’ Thus, if a stream is suit- 
able for the propagation of wildlife; for swim- 
ming; or for drinking water, then it must re- 
main suitable for these uses. Because small 
increases in pollutant loads may not be incon- 
sistent with protecting a possible present use, 
the States are allowed to decide whether ‘‘to 
allow lower water quality as a result of 
necessary and justifiable economic or social 
development.’’ Such decisions cannot be ap- 
plied to waters that constitute an outstanding 
national resource (e.g., national parks, wil- 
derness areas), and they cannot allow water 
quality to fall below the levels needed to pro- 
tect fish, wildlife, and recreation. 


Before a State can issue a discharge per- 
mit it must have a program for reviewing and 
revising its water quality standards. EPA es- 
tablished the following guidelines for State 
review and revision: 


e standards must be reviewed every 3 
years and revised where appropriate; 

e standards must protect the public health 
and welfare, and not interfere with 
downstream water quality standards; 

e existing standards must be upgraded 
where current water quality could sup- 
port higher uses than those presently 
designated; 

e existing standards must be upgraded to 
achieve FWPCA’s 1983 goal of fishable 
and swimmable waters, where attain- 
able. Attainability is to be determined by 
environmental, technological, social, ec- 
onomic, and institutional factors; and 

e existing water quality can degrade in 
only specific instances, for example, if 
existing standards are not attainable 
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because of natural conditions such as 
leaching. 


Once an ambient standard is established, a 
_ State must identify stream reaches for which 
the 1977 effluent limitations are not suffi- 
ciently stringent. For such areas, the State 
must determine the total maximum pollutant 
loads that will allow the ambient standard to 
be met. This information is used to set more 
stringent effluent standards. 


Current State standards for Colorado and 
Utah.—In Colorado, streams may be assigned 
to one of four categories. Drainage from lease 
tracts C-a and C-b would discharge to the por- 
tion of the White River from the mouth of the 
Piceance Creek to the Colorado/Utah State 
line. This area is in Colorado’s water cate- 
gory B2. These waters are suitable, or are to 
become suitable, for customary raw water 
purposes (e.g., irrigation, livestock watering) 
except for primary contact recreation.* The 
water quality criteria for category B2 are 
listed in table 57. Colorado also has an anti- 
degradation policy applicable to all streams. 


Utah has 11 stream classifications. Two 
streams in and around oil shale tracts U-a 
and U-b, Evacuation Creek, and the White 
River, are classified as CW (i.e., warm water 
fisheries). Their waters are suitable for all 


*Primary contact recreation includes swimming, water ski- 
ing, and diving. 


Table 57.—Colorado Water Quality 
Standards for Stream Classification B2 


Criteria for B2 streams 
Free from 


Parameter 


Settleable solids, floating solids, 
taste, odor, color, and toxic 
materials 

Oil and grease 


Cannot cause a film or other 
discoloration 

Drinking water standards 

Geometric mean less than 1,000 
units per 100 milliliters 


Radioactive material 
Fecal coliform bacteria 


Turbidity Cannot increase more than 10 
units 
pH 6.0 to 9.0 


Maximum 90 ° F 
Change: Streams 5 ° F 
Lakes 3 °F 


Temperature 


SOURCE: E. R. Bates and T. L. Thoem (eds.), Pollution Control Guidance for Oil Shale Develop- 
ment: Appendix, Environmental Protection Agency, Cincinnati, Ohio, July 1979, p. 
D-20. 


raw water uses (except contact recreation) 
without treatment, but with coagulation, sedi- 
mentation, filtration, and disinfection prior to 
use as domestic water supply. Temperature 
limitations are also imposed. The water quali- 
ty criteria for class CW are shown in table 
58. In addition, Utah, like Colorado, has an 
antidegradation policy. 


Table 58.—Utah Water Quality Standards 
for Stream Classification CW 


Parameters Criteria for CW streams 


Radioactive and chemical Drinking water standards 
Settleable solids, oil, floating solids, Free from 
taste, odor, color, and toxic 
materials, turbidity, etc. 
Total coliform bacteria 


Less than 5,000 units per 100 


milliliters 

Fecal coliform bacteria Less than 2,000 units per 100 
milliliters 

pH 6.5 to 8.5, no increase > 0.5 


Biochemical oxygen demand (BOD;) Less than 5 milligrams per liter 
Dissolved oxygen 6.0 milligrams per liter 
Temperature Maximum 68 ° F 


SOURCE: E. R. Bates and T. L. Thoem (eds.), Pollution Control Guidance for Oil Shale Develop- 
ment: Appendix, Environmental Protection Agency, Cincinnati, Ohio, July 1979, p. 
D-21. 


Proposed State standards.—FWPCA re- 
quired the States to designate areawide pol- 
lution control planning agencies. The Colora- 
do West Area Council of Governments and 
the Uinta Basin Council of Governments have 
been designated for the oil shale region. 
These agencies are to plan, promulgate, and 
implement a program designed to protect sur- 
face water quality. Stream classifications 
and water quality standards are to be devel- 
oped. The multiple-use classifications pro- 
posed for streams, which may supersede ex- 
isting classifications previously discussed, in- 
clude: 


e Class I—aquatic life, water supply, 
recreation, and agriculture; 
e Class II—water supply, recreation, and 


agriculture; 
e Class III—recreation and agriculture; 
and 


e Class [V—agriculture. 


The respective water quality criteria are 
shown in table 59. The classifications and the 
quality criteria will apply to all streams in the 
oil shale region. 
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Table 59.—Proposed Water Quality Criteria for Designated Uses 


Parameter Water supply 
Alkalinityas C,CO;............ — 
ALUMNA UE =TOt alae as or eee ee = 
Aluminum-dissolved........... = 
TotalammoniaasN............ 0.5 mg/I@ 
UnionizedammoniaasN........ = 
Arsenigztotal pseaanrt orhent ister 0.01 mg/| 
BanluMmetOtalian me eensint ieee 1.0 mg/| 
BOnyiliuinatotallny aan are aene neg = 

Boron! Wie erateuea 2S eee 1.0 mg/Ia 
Cadiiiitinirtotal 2 sree cet cin cuekiaves 0.01 mg/| 
Chlonide-totale ance cede eae 250 mg/| 
Chromium=total.. «eee 0.05 mg/! 
Fecal contain: <n w camen ts 2,000/100 mii 
Color. i. Rees vi ioe Casi ete 75 color units@ 
Copper-totality. cai: cu eee et te 1.0 mg/| 
CyaniderA thre en otenaesrrn eae 0.20 mg/| 
HardneSsivnts. «cape tek. cena = 
lror=total Parteners a aera = 
IFONECISSOIVGG tan gan anne mens 0.3 mg/I 
Lead=tofaliare semane ane ined 0.05 mg/| 
Manganese-totaliim.. seus, 0.05 mg/I 
Manganese-dissolved.......... 0.05 mg/| 
Mencurystotallaeeratieets ss aoe weer: 0.002 mg/| 
Molybdenum-total ............ = 
Nickel-total. ose. st arean tee = 
Nithate=Nigeatonwe pNestolee Perk. gai ne: 10 mg/I 
Dissolved oxygen............. 4.0 mqg/If 
OFS tart Seat eee ce a py eee 5.0-9.0 
PIENG|Sina Shean ee kanes) ia 0.001 mg/I 
TOtalPO,—Paes aunt bn bik otek = 
PhihalateestenSine gare, see.) eae == 

POB UA a Meter be tat ree chced aed Ae = 
Selenium=totaliw.. vy eenseiney. 0.01 mg/| 
SST ALSO EN AP a ty es Be eae 0.05 mg/I 
Silver-dissolved 4.00... 025.4 = 

SOCIUTK I: Gees coe tie: aha 270 mg/lah 
Sulfatestotalk pas U:faty herent len, 250 mg/I 
ADDS co 3 ORS RR Me oa os Oe 500 mg/I4 
HST yeahs th Manet Apia wo = 

Hoo (undissociated)......2.... 0.05 mg/I 
Temperature Ameren: tere = 
ZiNGstOtel:) tabs eee one ei 5.0 mg/l 


Aquatic life/wild 


30 - 130 mg/I@ 
0.1 mg/l 
0.1 mg/I@ 


0.02 mg/| 
0.05 mg/| 


1.1 mg/| 
0.003 mg/| 
0.3 mg/If 
2,000/100 mla 


life Recreation Irrigation 


ee 5.0 mg/l, 20.0 mg/la © 


— 0.1 mg/I 


= 0.1 mg/I>, 0.5 mg/I¢ 4 
— 0.75 mg/le 
— 0.015, 0.05 mg/Ic f 


— 0.1mg/I®, 1.0 mg/I¢ 9 
200/100 m! 1,000/100 ml 


0.030 mg/I _ 0.2 mg/I®, 5.0 mg/I¢ 
0.005 mg/I — 0.2 mg/l 

1.0mg/I — 5 mg/l, 20 mg/la¢ 
0.3 mg/l@ =_ = 

0.03 mg/I _ 5mqg/l5, 10 mg/I¢f 
1.0 mg/I — 0.2mg/I®, 10 mg/I¢ 9 
0.00005 mg/| = =. 

— — 0.01 mg/I>, 0.05 mg/I¢ 
0.1 mg/l — 0.1 mg/If 

= = 100 mg/I 

5.0-6.0 mg/I min. 2.0mg/l min. 2.0mg/| 

6.5-9.0 6.5-9.0 4.5-9.0a 

0.001 mg/l — 

0.025 mg/I - lakes@ = = 

0.003 mg/I ee _ 

0.000001 mg/| = — 

0.05 mg/| = _ 
0.0001-0.0025mg/lg  — = 

0.0001 mg/I = — 

te a (i) 

25 mg/|-median! = = 

0.002 mg/I = = 

(k) = x 

0.03 mg/| = 2.0 mg/| 


Unless otherwise indicated, the recommended criteria correspond with proposed State standards. 


4CWA 208 recommendation only (no proposed State standard). 


Continuous irrigation, all soils (match WQCC proposed State standards). 


Short-term irrigation, neutral to alkaline fine textured soils. 


For agricultural uses, the WQCC, except in a few instances, did not distinguish between irriga- 
tion and livestock uses. The CWA 208 attempted to distinguish the differences. Therefore, under 
livestock there are numerous differences between 208 and WQCC numbers. Under irrigation the 


lower recommended criteria match WQCC numbers. 
®L ong-term irrigation on sensitive crops. 

Differs from proposed State standards. 
YLimiting concentration dependent on hardness. 


"Maximum concentration for a moderately restricted sodium diet. 
'Water from which no detrimental effects will usually be noticed... . 
Water which can have detrimental effects on sensitive crops... .. . 


Livestock 


5.0 mg/l@ 


0.2 mg/I9 
5.0 mg/I¢ 
0.05 mg/I9 


0.1 mg/l 
1,000/100 ml 


0.5 mg/I9 
0.2 mg/| 


0.1 mg/I 


0.00005 mg/Ia 
0.5 mg/I 


NO; + NO, 100 mg/I 
2.0 mg/I 


3,000 mg/l@ 


25 mg/Id 


hes Son eee 500 mg/I 
sataperipheatte 500-1,000 mg/I 


Water that may have adverse effects on many crops and requires careful management 


PFaCtCeS! Fo. Soaauen sy ciataes ceieet ea aed ger dee SER oa hol, 


Ree ie 1,000-2,000 mg/I 


Water that can be used for tolerant plants on permeable soils with careful management 


- DACHICES © nreetecy ty Seta icon Ri die Me co. eal «ee 


tack rac 2,000-5,000 mg/| 


!Value represents maximum increase in ambient concentration due to discharge. 
Cold water maximum is 20° C, warm water maximum is 30° C, and both categories limit temper- 


ature changes to 3°C. 


SOURCE: E. R. Bates and T. L. Thoem (eds.), Pollution Control Guidance for Oil Shale Development: Appendix, Environmental Protection Agency, Cincinnati, Ohio, July 1979, pp. D-29-D-30. 


The Safe Drinking Water Act of 1974 


This Act protects drinking water systems 
through primary and secondary ambient 
standards, monitoring programs, and a pro- 


gram for ground water protection. It is ad- 
ministered by EPA and by the States. 


The primary standards are intended to 
protect health to the extent feasible, given the 


restraints of existing treatment techniques 
and their costs. Interim standards were is- 
sued by EPA during 1975 and 1976 and were 
put into effect in June 1977 (see table 60). 
These standards established both maximum 
contaminant levels and monitoring require- 
ments for 10 inorganic and 6 organic chemi- 
cals, radionuclides, microbiological contami- 
nants, and turbidity. A study by the National 
Academy of Sciences of the health effects of 
drinkng water contaminants is to be the basis 
for revised primary standards. The study was 
completed in June 1977, but the revised 
standards have not yet been issued. 


Secondary standards, published in 1977, 
deal with contaminants that affect the odor 
and appearance of water but do not directly 
affect health (see table 61). They are not fed- 
erally enforceable and are only guidelines to 
the States. The States may include monitoring 
requirements in their laws and regulations. 


Table 60.—Primary Drinking Water Standards (mg/l) 


Maximum concentration 


Inorganic chemicals (except fluoride) 
AESCINC SeeenerS ey een ee seen 
CET! tite 5 aan epee ae Re SRC ey 


on 


oan — 


MGIGUIVS «2 Biot ens ee PEE 

AIUCAIG NAS Nee eos tetmns a x ae ted s, soe ve eee 

DEISMIOINU AAS creme chee ale tee ae 

Ol vermuremat (ye cP eee eye: 

Fluoride 

(degrees Fahrenheit) 

DOM pan DOIOW ers kote ak bh? peat « Peels 2 

HG 010 0023/5 aaeaneh colt set itty Le kia As 2 

Be UNOG:.0 Wer se Pree ee rs ee 2 
1 
1 
1 


oO 
om 
a 
—, 
ocossoooo=90 


Ce COR ConeS ica 


on — 


‘ery ROW ADR Sy es 08 Seg Cet MP RTC Rae 
POMTRLO gel Ben weet EBs, yal ena Le th ta 
HOO QUpO ss aeeee sees tetas, Abe, ASO. 
Chlorinated hydrocarbons 

=iqhalidil’s, sec ceek Ae, ARDS Gea CR OMe at cone 
LAURELS, mae Ceres Bo eg Rive eerie Gare 
VIGIGOXYCHION «nantes States aM Aponiek Ron 
OXADNENELe s feasees EE mae reh Bee Cac 3: 
Chlorophenoxys 

2, 4-D (2, 4-dichlorophenoxyacetic acid)... . 
PPS OF LP CONVEX Wats ia sto ec eee Chet e 8 


SOURCE: E. R. Bates and T. L. Thoem (eds.), Pollution Contro/ Guidance for Oil Shale Develop- 
ment: Appendix, Environmental Protection Agency, Cincinnati, Ohio, July 1979, pp. D- 
32-D-33. 
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Table 61.—Proposed Secondary Drinking Water Regulations 


Pollutant Proposed level 
Chloride ....... 250 mg/| 

COlOGra re techs ty. 15 color units 
WONDER An ah nae 1mg/! 
Corrosivity...... (Noncorrosive) 


Foaming agents . . 0.5 mg/l 
Hydrogen sulfide . 0.05 mg/| 


Principal effects 


Taste 

Appearance 

Taste, fixture staining 

Deterioration of pipes, unwanted 
metals in drinking water 

Foaming, adverse appearance 

Taste, brown stains on laundry 


and fixtures 


Manganese. .... 0.05 mg/l Taste, brown stains, black 
precipitates 

OUOK a. 4 Riae | 3 threshold Odor 

odor number 

OlnRaNe ooo ate ata oe a 6.5-8.5 mg/| Corrosion below 6.5. Incrusta- 
tions, bitter taste, lowered 
germicidal activity of chlorine 
over 8.5 

Sulfaie Le. eee 250 mg/| Taste, laxative effects 

Total dissolved 

SUNGShaeete ene... 500 mg/I Taste, reduction in life of hot water 

heaters, precipitation in cooking 
utensils 

ZLiNiCeeeere. aero 5mg/| Taste 


SOURCE: E. R. Bates and T. L. Thoem (eds.), Pollution Control Guidance for Oil Shale Develop- 
ment: Appendix, Environmental Protection Agency, Cincinnati, Ohio, July 1979, p. 
DE33. 


Ground Water Quality Standards 


Federal.—The Safe Drinking Water Act 
applies to deep-well injection of waste into 
aquifers with less than 10,000 mg/l TDS that 
are, or could become, sources of public drink- 
ing water. Seepage from pits, ponds, and la- 
goons is not regulated at this time. 


Colorado.—No specific standards have 
been promulgated for ground water quality. 
However, the basic standards applicable to 
all other State waters do apply. Regulations 
are being developed that will limit the dis- 
charge or injection of some contaminants. 
Permits are now required for injection wells, 
and they will be required in the future for 
wastewater disposal in pits, ponds, and la- 
goons if there is a possibility of discharge to a 
ground water system. 


Utah.—Utah also has no special standards 
for ground water. However, ground water is 
considered part of the State waters, so gener- 
al water quality standards do apply. Dis- 
charges to sources of potable water must not 
cause the water quality to exceed drinking 
water standards. 
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Implications of Water Pollution Control Standards 
and Regulations for Oil Shale Development 


As indicated above, the primary objective 
of the Clean Water Act is to eliminate the 
discharge of pollutants into navigable waters 
by the late 1980’s. In order to accomplish this 
objective all potential polluters, including oil 
shale developers, will be required to apply 
BAT, BPT, and NSPS. Point source discharge 
is well-regulated under the Act, and it is ex- 
pected that oil shale developers would comply 
with the stipulations promulgated in regard 
to NPDES. As will be discussed in the follow- 
ing section, the pollution control technologies 
that are being applied to oil shale wastewater 
effluents are designed for zero discharge. 
However, in some instances (e.g., excess wa- 
ter from mine dewatering) it will need to be 
discharged back into surface waters or rein- 
jected into underground aquifers. In this 
case, water will have to be treated to meet 
the standards stipulated under the NPDES 
permit system or by the Safe Drinking Water 
Act for reinjection—that is surface and 
ground water quality criteria and water use 
classifications will have to be maintained as 
stipulated by the States and EPA. In addition, 
it is expected that oil shale facilities will have 
to meet NSPS comparable to those developed 
for petroleum refining facilities. 


Technologies for Control of Oil Shale 
Water Pollution 


Treatment of Point Sources* 


Contaminants may be removed from waste- 
water by physical, chemical, or biological 
means. For complex wastes, a series of de- 
vices using each of these principles will be 
necessary. 


Physical treatment devices apply gravity, 
electrical charge, and other physical forces 
to contaminants to remove them from waste- 
water. Typical operations are gravity separa- 
tion, air flotation, clarification, filtration, 
stripping, adsorption, distillation, reverse os- 


*Details of the various technologies are described in app. D. 


mosis, electrodialysis, thickening, and evap- 
oration. 


Chemical treatment devices use chemical 
properties or chemical reactions to remove 
contaminants. Such systems can destroy haz- 
ardous substances that are not amenable to 
conventional physical and biological systems. 
For oil shale wastewaters, the most impor- 
tant devices are those that could oxidize or- 
ganic compounds or reduce salt concentra- 
tions. Included are ion exchange, wet air oxi- 
dation, photolytic oxidation, electrolytic oxi- 
dation, and direct chemical oxidation. 


Biological treatment devices contact a 
waste with a population of micro-organisms 
that digest its organic contaminants. By con- 
trolling the size of the population, and by ad- 
justing oxygen and nutrient levels and equal- 
izing the conditions of the entering stream, it 
is possible to develop and acclimate micro-or- 
ganisms that can nearly eliminate many haz- 
ardous organic compounds. Biological treat- 
ment systems can be divided into two groups: 


e aerobic processes (such as activated 
sludge, trickling filters, rotating biologi- 
cal contactors, aerated lagoons, com- 
posting, and stabilization ponds) in 
which the population is maintained un- 
der oxygen-rich conditions and the or- 
ganic compounds are decomposed to CO, 
and water; and 


e anaerobic processes (such as digestion) 
in which oxygen levels are relatively low 
and the organic compounds are de- 
graded to CO and methane gas. 


Treatment systems.— Most devices can re- 
move some but not all contaminants. In a 
treatment system, different wastewaters are 
sent to different devices, each of which re- 
moves a specific type of pollutant. The rela- 
tionships among contaminants, the streams in 
which they are likely to occur, and the treat- 
ment processes of choice are shown in table 
62. Although all contaminants may be found 
in nearly all streams, the streams associated 
with each contaminant have been limited to 
those in which concentrations will be high 


Ch. 8—Environmental Considerations ¢ 305 


Table 62.—The Types of Contaminants in Oil Shale Wastewater 
Streams and Some Potential Processes for Removing Them 


Contaminant 
Suspended solids 


Oil and grease 


Dissolved gases 


Stream 


Mine drainage 
Retort condensate 
Cooling tower blowdown 


Retort condensate 
Gas condensate 
Coking condensate 
Retort condensate 
Gas condensate 
Coking condensate 


Dissolved inorganics Mine drainage 


Dissolved organics 


| Trace elements and 
metals 
| Trace organics 


Toxics 


Sanitary wastes 


Retort condensate 

Gas condensate 

Cooling tower blowdown 
lon exchange regenerants 


Retort condensate 

Gas condensate 

Coking condensate 
Hydrotreating condensate 


Retort condensate 
Gas condensate 


Retort condensate 
Gas condensate 
Upgrading condensate 


Retort condensate 
Gas condensate 
Upgrading condensate 


Domestic service 


Potential process 


Clarification 
Filtration 


Gravity separation 
Emulsion breaking 


Steam stripping 


Chemical oxidation 
lon exchange 
Reverse osmosis 
Adsorption 
Evaporation 
Solvent extraction 
Adsorption 
Biological oxidation 
Ultrafiltration 
Reverse osmosis 
Wet air oxidation 
Chemical oxidation 
lon exchange 
Adsorption 
Ultrafiltration 
Reverse osmosis 
Adsorption 
Chemical oxidation 
Incineration 


Biological treatment 


SOURCE: R. F. Probstein, H. Gold, and R. E. Hicks, Water Requirements, Pollution Effects and 
Costs of Water Supply and Treatment for the Oil Shale Industry, prepared for OTA by 
Water Purification Associates, October 1979. 


enough to require removal prior to discharge 


or reuse.*’ *8 


Many of the devices listed in table 62 have 


| been tested individually on oil shale wastewa- 
ters and have been found to provide some de- 
gree of control.%**° Of great importance is the 
performance of these units when combined to 
form a ‘treatment train’ for a_ specific 
wastewater. A separate train—consisting of 
several individual treatment devices in 
series—will be needed for each stream be- 
cause, in general, each will contain different 
types of contaminants. Each contaminant will 
require a different type of removal process. 
For example, retort condensates may contain 
suspended solids, oil and grease, dissolved 
gases, organics, inorganics, and trace ele- 


ments. Mine drainage water may contain only 
dissolved solids. 


The removal efficiencies, reliabilities, 
adaptabilities, and relative costs of some 
point source control devices are summarized 
in table 63. This information comes almost en- 
tirely from experience in other industries. 
Few of the technologies have been tested with 
oil shale wastewaters, and none has been 
tested in the complex treatment trains that 
will be necessary to deal with the wastes that 
will be encountered in commercial-scale oil 
shale plants. The degree of adaptability of 
each technology is particularly important 
because it indicates the likelihood that the 
technique will transfer without difficulty to 
the oil shale situation. 


Most suitable technologies.—The follow- 
ing technologies appear most suitable: 


e for oil and grease: dissolved air flotation 
or coalescing filters; 

e for dissolved gases: air or steam strip- 
ping; 

e for dissolved organics: rotating biologi- 
cal contactors or trickling filters for 
first-stage removal, carbon adsorption, 
or wet air oxidation for polishing; 

e for suspended solids: pressure or multi- 
media filtration; 

e for dissolved solids: reverse osmosis for 
first-stage removal, clarification for sec- 
ond-stage, and ion exchange for polish- 
ing; and 

e for sludges: filtration and evaporation. 


Costs.—Control costs depend on the oper- 
ating characteristics of the oil shale facility 
and on the treatment methods selected. The 
only published cost estimates were prepared 
for the Department of Energy (DOE). These 
estimates, upgraded for OTA to include the 
cost of treating excess mine drainage water, 
appear in table 64. Total treatment costs 
range from about $0.25 to $1.25/bbl of shale 
oil syncrude. The low estimate applies to 
aboveground retorting plants; the high to MIS 
facilities in ground water areas. Although 
sizable, the control costs should not them- 
selves preclude profitable operations. 
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Table 63.—Relative Rankings of the Water Treatment Methods 


Contaminant Technology Removal efficiency, % Relative reliability Relative adaptability Relative cost 
Oil and grease Dissolved air flotation 90 Very high Very high Medium 
Coalescing filter 99 High High Medium 
Clarification 80 Very high Very high High 
Dissolved gases Air stripping 80 High High Medium 
Steam stripping 95 Very high High Medium 
Flue gas stripping 95 High Medium Medium 
Biological oxidation High Medium Medium Low 
Dissolved organics Activated sludge 95 BOD/40 COD High Medium Low 
Trickling filter 85 BOD High Medium Low 
Aerated lagoon 80 BOD Medium Medium Low 
Rotating contactor 90 BOD/20-50 COD High Medium Low 
Anaerobic digestion ~ 60-95 BOD High Medium Medium 
Wet air oxidation 64 BOD/74 COD Medium High Very high 
Photolytic oxidation 99 BOD Medium Very high Very high 
Carbon adsorption 99 BOD Medium High Medium 
Chemical oxidation 90 BOD/90 COD Very high Very high High 
Electrolytic oxidation 95 BOD/61 COD Medium Very high High 
Suspended solids Clarification 50 High High Medium 
Pressure filtration 95 High High Medium 
Multimedia filtration 95 Very high High Low 
Dissolved solids Clarification Low except for metals High Medium Medium 
Distillation 99 Medium Low Very high 
Reverse osmosis 60-95 Medium Medium Medium 
lon exchange High High Low High 
Electrodialysis 10- 40 Medium Medium Very high 
Sludges Thickening Product 6-8% solids Very high High Medium 
Anaerobic digestion Low High Medium Medium 
Vacuum filtration Product 20-35% solids = High High High 
Sludge drying beds Product 90% solids Medium Low Medium 
Evaporation basins Product 95% solids Very high Low Low 
Filter press Product 35% solids Very high High High 
Aerobic digestion Low Low Low High 


SOURCE: Adapted from Assessment of Oil Shale Retort Wastewater Treatment and Control Technology, Hamilton Standard Division of United Technologies, July 1978, pp. 2-12 to 2-24. 


Table 64.—Estimated Costs of Water Pollution Control in 
Oil Shale Plants ($/bbI of shale oil syncrude) 


Above- Above- 
ground ground MIS/ 
Wastewater stream _ direct indirect MIS aboveground 
Gas condensate.. $0.11 $0.13 $0.45 $0.31 
Retort condensate = = 0.13 0.09 
Upgrading 
condensate ... Oni2 0.12 0.12 0.12 
Excess mine 
drainage ...... _ = 0-0.55 0-0.55 
Total®. prs emer $0.23 $0.25  $0:70-1.25 $0.52-1.07 


4Plants produce 50,000 bbi/d of syncrude. Aboveground plants are assumed to be not located in 
ground water areas. Cost estimates include operating expenditures and capital amortization. 
They also include nonwastewater costs such as boiler feedwater treatment costs. 


SOURCE: R. F. Probstein, H. Gold, and R. E. Hicks, Water Requirements, Pollution Effects and 
Costs of Water Supply and Treatment for the Oil Shale Industry, prepared for OTA by 
Water Purification Associates, October 1979. 


Control of Nonpoint Sources 


The major potential nonpoint sources are 
leachates from aboveground storage of raw 
or spent shale and from abandoned in situ re- 


torts. For an aboveground retorting facility, 
the leaching problem may be reduced by dis- 
posal of the solid wastes in canyons, and cap- 
turing and treating any leachate that does oc- 
cur. (See figure 61.) It is hoped that the 
moistened and compacted spent shale will be 
impermeable to the flow of water. The top of 
the pile will be covered with topsoil or 
another growth medium that will be perme- 
able but that will not contain substantial 
quantities of soluble contaminants. Any 
leachates that reach the catchment basin 
would be treated. This method may be effec- 
tive during the lifetime of the facility. 


Tests of these control strategies have not 
simulated conditions of commercial-scale dis- 
posal piles, and past research investigations 
are limited in their applicability. Questions 
persist concerning shale pile permeability, 


Figure 61.—An Aboveground Spent Shale 
Disposal Area 


Processed Shale 
Disposal Pile 


Leachate Catch Basin 


a 


Retention Dam 
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| SOURCE: Surface Mining of Non-Coal Minerals, National Academy of 
Sciences, Washington, D.C., 1979, p. 126. 


‘erosion potential, reclamation effectiveness, 
and the balance between erosion and soil pro- 
| duction rates. Water and leachates may per- 
colate into underlying alluvial aquifers.* 
These effects need careful monitoring at 
| pioneer commercial facilities. 


| The efficacies of these control strategies 
| after site abandonment are even less certain. 
Long-term monitoring and custodial care may 
| be required to assure that contaminants are 
| not released from the catchment basin as a 
} result of dam failure or extraordinarily heavy 
| rainfall or snowfall. 


For in situ processing, laboratory experi- 
ments indicate that high temperatures con- 
| vert soluble solids in spent shale into insolu- 
| ble mineral complexes. If such temperatures 
could be achieved in commercial-scale oper- 


*There are other techniques as well. For example, preleach- 
ing of spent shale, capillary brakes, and covering spent shale 
with open pit overburden. See the section on land reclamation 
in this chapter for more detail. 
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ations, they might serve as a primary method 
for reducing leaching. Several uncertainties 
prevent assessing the feasibility of this ap- 
proach. For example, the mineral complexes 
produced in the field would have to remain in- 
soluble for long periods of time even if the 
retorts were backflooded. Also, to eliminate 
leaching, all of the spent shale in the retorts 
would have to be insoluble. Because control 
of MIS retorting is difficult, portions of the 
retorts may not become hot enough to pro- 
duce the insoluble complexes. Control of re- 
torting temperatures in TIS processing is 
even less certain. Since there would be mas- 
sive amounts of waste, increased percolation 
by ground water, and thus greater leaching 
potential, these uncertainties may mandate 
the adoption of retort abandonment strate- 
gies. 


Retorted shale can form a cement-like ma- 
terial if it is properly prepared, and water 
slurries of finely crushed retorted shale could 
be injected into burned-out retorts to fill void 
areas and to make the spent shale imper- 
meable to water flow. To prevent leaching, 
the cement formed from the injected slurry 
would have to have very low permeability; 
otherwise, the cement itself might produce a 
troublesome leachate, thereby compounding 
ground water pollution. Distributing the slur- 
ry uniformly within the retort may also prove 
difficult. 


Another approach would be to pump fresh- 
water through the retort to intentionally 
leach out the soluble components. The leach- 
ates could be treated and then reinjected on a 
downgradient from the retorts. It is possible 
that leaching could be accelerated in this 
way, but the process might be costly and time- 
consuming and the technology has yet to be 
developed. 


“Hydrologic barriers’’ might be used to 
prevent or control the flow of water into the 
retort area, thereby preventing the disper- 
sion of leachates. One possibility-is drilling a 
continuous series of holes around the retort 
area and filling them with a cementitious 
slurry. By itself, this technique may not be ful- 
ly effective since the retorts may be in aqui- 
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fers in which water moves vertically. The ef- 
fectiveness could be increased by cementing 
(grouting) the retorts to seal their more per- 
meable zones and fractures. 


Another possibility would be to divert a 
major portion of the ground water flow 
around the retort area. In this ‘“‘hydraulic by- 
pass”’ option, artificial channels or barriers 
would capture most of the ground water flow- 
ing toward the retort area, direct it around 
the area, and then return it to the ground wa- 
ter system. 


Ultimate Disposition of Wastewater 


At present, no developer plans to discharge 
wastewaters to surface streams; rather, the 
final wastes will be disposed of by recycling, 
evaporation, and reinjection. In the future, 
consideration may be given to treating and 
discharging all surplus process waters. This 
would be much more expensive than treat- 
ment to industrial standards, but it would re- 
duce the impacts of development by augment- 
ing stream flows in a water-short region. If 
this option is adopted, water treatment needs 
will increase significantly and highly efficient 
treatment methods will be necessary. 


Recycling 


Present developer plans call for treating 
and recycling wastewaters whenever practi- 
cal. This depends only on the ability of waste 
treatment systems to purify the wastewaters 
so that they could be reused in other portions 
of the process. Nearly all of the wastewaters 
could be reused after appropriate treatment 
for cooling tower makeup, for dust control, 
for shale disposal, for leaching, for revegeta- 
tion, and for generating steam that could be 
injected into either aboveground or in situ re- 
torts. As discussed previously, efficient, reli- 
able, adaptable, and cost-effective methods 
appear to be available for the major contami- 
nated streams. Their capability of treating 
the wastes to discharge or reinjection stand- 
ards is not relevant as long as the streams are 
to be recycled. 


Treated cooling tower wastewater could 
be reused after dilution with other treated 
streams. Treated gas condensates are also 
suitable for cooling water because they 
should have low concentrations of inorganic 
contaminants and volatile organics. Retort 
condensates could also be used after their 
dissolved substances are removed. 


Water quality criteria have not been estab- 
lished for dust control, shale disposal, or 
revegetation, but water similar to river water 
would probably be acceptable. It should be 
possible and practical to treat gas conden- 
sates to this level. Treated retort condensates 
should also be acceptable, although success- 
ful treatment has yet to be demonstrated. 
Steam raising, for example, with the thermal 
sludge system, is at present a more reliable 
option. These condensates (either treated or 
untreated) could also be used as a slurry 
medium for grouting in situ retorts. Tests 
would be needed to determine if the waste- 
water contaminants were truly immobilized 
so that they could not be leached by ground 
water. 


Evaporation 


Most of the wastewaters will be disposed 
of in dust control and in the waste disposal 
piles. The sludges and concentrates from 
wastewater treatment will also be added to 
the disposal piles. In essence, this converts a 
point source of pollution, which would be 
highly regulated under existing laws, to a 
nonpoint discharge, which is not well-regu- 
lated at present. However, the treated waste- 
waters would be quite different from the raw 
streams described in table 51. For example, 
most of the NH; and H.S will have been re- 
moved from the gas condensates and recov- 
ered as byproducts. The CO, will also have 
been removed and vented to the atmosphere. 
The concentration of NH; could be further re- 
duced by biological treatment and by using 
the treated condensates as cooling water. 
The small quantity remaining may be useful 
as fertilizer for reclaiming the waste disposal 
areas. Most of the potentially harmful organ- 


}ic compounds could be removed by biological 
)treatment and the more resistant ones by ad- 
hsorption. However, some organic matter is 
|likely to reach the shale disposal area. It is 
)not known whether the organics will remain 
\locked within the shale pile or will be 
| leached. 


| Similar treatment could be used for the re- 
)torting and upgrading condensates, although 
'the chemicals in the retort condensate could 
\pose some special treatment problems. If 
thermal sludge systems were used, both the 
| inorganic and the nonvolatile organic contam- 
‘inants would be reduced to a stable sludge 
suitable for disposal in a sanitary landfill or 
}in a hazardous-waste disposal area. The vola- 
tile organics would be entrained in the steam 
/and subsequently incinerated in the retorts. 


/Reinjection 


| Reinjection may be legally allowed if the 
| quality of the injected water is at least as 
| high as that in the affected aquifer. Injection 
of condensates or other highly contaminated 
wastes would not be permitted without a high 
| degree of treatment. However, mine drainage 
water might be reinjected if it had not been 
| degraded by evaporation or chemical change 
j:while on the surface. Otherwise, it first 
| would have to be treated or diluted. 


Until commercial-scale oil production be- 
gins, essentially all mine drainage water will 
| require disposal, probably by reinjection. It is 
| generally assumed that the chemicals in the 
| drainage water would not cause significant 
changes in the quality of the source aquifers. 
| However, water quality could be degraded 
|} because of the increased ground water flow, 
| the exposure of new mineral surfaces by 
| fracturing, and the changes in underground 
) microbial populations. If such changes oc- 
| curred, the treatment or disposal conditions 
| would have to be adjusted to compensate for 
| them.*' This might include treating the drain- 
| age to a purity higher than that of the source 
aquifer. 
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Monitoring Water Quality 


Because much surface water comes from 
ground water discharge, it is necessary to 
monitor both surface and ground water to 
help prevent environmental damage. Moni- 
toring provides a continuous check on compli- 
ance with regulations, a record of changes re- 
sulting from development, and a measure of 
the effectiveness of pollution control proce- 
dures. 


Surface Water Monitoring 


Surface water monitoring should include: 


e instream sampling and chemical anal- 
ysis to detect and characterize pollut- 
ants of point and nonpoint origin; 

e detection of spills and faulty contain- 
ment structures that could result in ac- 
cidental discharges; 

e measurement of streamflows to assess 
effects of dewatering operations and 
consumptive uses; and 

e measurement of aquatic biota to deter- 
mine the changes resulting from develop- 
ment. 


A monitoring program is defined by the 
number and location of sampling stations, the 
parameters measured, the sampling frequen- 
cy and collection methods, the accuracy and 
precision of the analytical techniques, and 
the quality assurance safeguards. Tradition- 
al monitoring methods may not be well-suited 
for the oil shale situation. The uncertain 
pollutant release rates and pathways and the 
wide variations in regional water quality, 
complicate the development of a suitable pro- 
gram and limit the use of conventional tech- 
niques. 


The number and location of sampling sta- 
tions depend on the objective of the monitor- 
ing program. For example, if the objective is 
to detect changes over an entire basin, the 
stations would be located in the lower 
reaches of major tributaries. They could de- 
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tect major changes but would be unable to 
pinpoint their cause. In contrast, stations 
near pollution sources could both measure 
the local effects of pollutant discharge and 
identify the source. An oil shale program 
could include stations on major streams, as 
well as on the minor tributaries that drain 
each development site. Special stations are 
also needed near solid waste disposal areas 
to detect leaching. 


The selection of chemical, physical, and 
biological parameters to be measured will be 
based on the types and concentrations of pol- 
lutants that might be discharged, the ease of 
analysis, and the characteristics of the water 
in the affected streams and aquifers. The 
possible parameters include the concentra- 
tions of the pollutants themselves as well as 
the levels of ‘‘indicator’’ parameters that pro- 
vide a measure of the potential environmental 
disturbance. These include pH, dissolved ox- 
ygen, hardness, temperature, flow rate, and 
the characteristics of the aquatic biota. 


Biological parameters are especially useful 
because they reflect the stability and re- 
sponse of the ecosystem. Aquatic organisms 
are natural monitors of water quality since 
they respond in a predictable manner to the 
presence of most types of pollutants. Changes 
may indicate problems that are not easily 
detected by direct measurements of water 
quality. For example, heavy metals and some 
organic compounds tend to concentrate in the 
biota. Their levels in the tissues of certain 
fish could help predict pollution concentra- 
tions that are not readily measurable in the 
water itself. Communities that could be moni- 
tored include invertebrates, fish, algae, and 
bacteria. | 


The sampling frequency can also vary. 
Ephemeral tributaries, for example, could be 
monitored only during periods of heavy rain- 
fall or snowmelt; mainstream tributaries 
could be monitored continuously. Frequent 
monitoring of all possible parameters would 
be very expensive and _ time-consuming. 
Therefore, priorities must be established on 
the basis of cost, utility of the data, and the 
potential for severe environmental impacts. 


Ground Water Monitoring 


Observation wells are used to detect 
trends in water quality and to measure the ef- 
fects of operations such as wastewater rein- 
jection. The locations of the monitoring sta- 
tions should be selected according to: 


e the locations of the potential pollutant 
sources; 

e the geology and hydrology of the site to 
be monitored; 

e the probable movement and dispersion 
of pollutants underground; and 

e the potential for hydrologic disturbances 
of, for example, dewatering wells. 


EPA has developed a monitoring methodology 
for the oil shale area.*? The important con- 
siderations are: 


e the identification of potential pollutants; 

e the definition of hydrogeology, ground 
water use, and existing quality; 

e the evaluation of the potential for in- 
filtration of wastes by seepage; 

e the evaluation of pollutant mobility in 
the affected aquifers; 

e the priority ranking of pollution sources 
based on the mass, persistence, toxicity, 
and concentration of the wastes; their 
mobility; and their potential for harm to 
water users; and 

e the design and implementation of pro- 
grams for near-surface aquifers, deep 
aquifers, and injection wells. 


The siting of wells for near-surface aquifers 
is extremely important. They should be 
placed down the ground water hydraulic gra- 
dient (i.e., ‘‘downstream’’) from possible pol- 
lution sources such as reinjection wells, res- 
ervoirs, and disposal piles. The wells should 
allow sampling from different depths, and the 
chemical and physical parameters should be 
selected according to hydrologicai character- 
istics as well as the properties of potential 
pollutants. Deep aquifers should be moni- 
tored near dewatering wells, in situ retorts, 
and reinjection wells. Monitoring of salinity, 
TDS, and water level should be emphasized. 
Monitoring deep aquifers in the Piceance 
basin is especially difficult because the 
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ground water flows through fractures and 
faults and not through the more common uni- 
formly porous media. A further complication 
is the different permeability of adjacent 
strata. Even flow rates are hard to measure 
in a fractured-rock system, and it is difficult 
to properly site the monitoring stations. 


The monitoring of surface and ground wa- 
ter quality is exemplified by the program on 
Federal lease tract C-b that has been under- 
way since 1974. The sampling schedule and 
water quality parameters are listed in table 
65. Thirteen surface water gauging stations 
have been constructed: nine on ephemeral 
streams and four on perennial drainages. 
Nine springs and seeps are also monitored. 
Temperature and conductivity are measured 
continuously at all stations on the perennial 
streams. Dissolved oxygen, pH, and turbidity 
are measured continuously at several of 
these stations; other parameters are meas- 
ured monthly, quarterly, or semiannually. 


Water levels in alluvial aquifers are meas- 
ured continuously at 18 test wells. Conduct- 
ance, pH, temperature, and dissolved oxygen 
will be measured monthly. The quantity and 
quality of water in the deeper bedrock aqui- 
fers are measured at 17 wells in the upper 
aquifer and 14 in the lower aquifer. Samples 
are obtained for water quality twice a year, 
and water levels are measured monthly. Wa- 
ter quality is also measured in reservoirs, 
waste disposal piles, and mine sumps. 


Information Needs and R&D Programs 


Insights into the water quality impacts of 
oil shale development have been obtained 
from laboratory and pilot plant studies, from 
a few field tests in the Piceance basin, and 
from experience in related industries. Addi- 
tional measurements and R&D programs are 
needed to help reduce the level of uncertain- 
ty. Uncertainties will remain, however, until 
experience has accumulated from commer- 
cial-sized modules and plants. 


Need for Reliable Data on Wastewater Quality 


Reliable data are lacking on the charac- 
teristics of the gas, retort, and upgrading 
condensates from all of the proposed de- 
velopment technologies. The data should be 
obtained with pilot plants that integrate sev- 
eral streams and several control devices and 
that simulate commercial-scale conditions. 
In commercial plants, wastewaters may be 
mixed and the interactions of contaminants 
from the different streams will affect treat- 
ability. Therefore, analyses of separate 
streams are not sufficient. 


More reliable estimates are needed of the 
quality and quantity of the mine drainage 
water that will be encountered in specific 
areas. This information would help determine 
how the water would have to be treated for 
surface discharge, and would allow a com- 
parison to be made between surface dis- 
charge and other disposal methods. 


Studies of leachates are also needed; in 
particular, on their ability to penetrate the 
linings of disposal ponds and catchment ba- 
sins. 


Need for Assessing Control Technologies 


Although individual methods have been 
tested successfully on a small scale, the per- 
formance of an integrated treatment system 
has yet to be evaluated with actual effluent 
streams. This could be done, for example, by 
testing relatively inexpensive pilot-scale sys- 
tems as part of a retort demonstration pro- 
gram. These tests would help determine, for 
example, if the dissolved organics in retort 
condensates can be adequately controlled 
with a series of conventional treatment proc- 
esses. The distribution and control of trace 
elements could also be assessed. 


Need for Cost Information 


According to present estimates, wastewa- 
ter treatment costs are expected to be only a 
small fraction of the total cost of shale oil pro- 
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Table 65.—Sampling Schedule Summary for Surface and Ground Water 
Monitoring Program at Tract C-b During Development Phase 


Surface water Seeps and springs Ground water 
Alkalinity “Sa05 Sich aren Sue ates ence: M(Z), Q(0,PC) Q Q(Al), SA(Aq) 
Aminjoniac..Seh: : Seeds ieee es cent ets Sr 0 M(Z), Q(o,PC) Q Q(Al), SA(Aq) 
AISONIC Se nog enn ae ee ee M(Z), Q(o,PC) Q Q(Al), SA(Aq) 
BanlOmtpnee aatatcemt ns ere aie eee eee _ == Q(Al), SA(Aq) 
Beryllitinis aes ers Ae RSET A Uy BESET: Q = A(Al) 
Bicarbonale,.<.evcusinees: Pee. Stree ake ps M(Z), Q(0,PC) = = 
BOLD ais Gra st Mer ee tals eek ihgipeter HY Inte xi — Q SA(Al), SA(Aq) 
BOOM Sas: sete se oe ke Rater Semen, M(Z), Q(o,PC) Q Q(Al), SA(Aq) 
Cobaltecaee eben amen shh aetna eee = = SA(Aq) 
Collis. Zaeeso tia at vee heat ae = = = 
COD, seks apart ane ahr Rea eit 8 Q Q Q(Al), SA(Aq) 
COPTORM staan CHG Gall aremea a eee smear see amare Q S = 
CONGUCUVILVASDCCII| Con eren amen ene = M Q(Al) 
COPPER Re yee eo Pe ae ae Q Q Q(Al), SA(Aq) 
CV ANID CPR cra rwtw Me rtot picts Raden. Mirena aor Q = = 
DISSOIVEGIOXVGENee tera. a ceteed eit: eke M(Z), Q(o,PC) M M(Al) 
FIUOKOCS Orrin: eer wet hous Puen, ae are: M(Z), Q(o,PC) Q Q(Al), SA(Aq) 
HarGneSStearee nt Aiea. cues, ara ge teen aeae = Q Q(Al), SA(Aq) 
GOT eerste aie aul 4 oie cde BRE RU oe = Q Q(Al), SA(Aq) 
ecto eR ee em nee RARER odes Gente cate, ee Q Q Q(Al), SA(Aq) 
iA GAY TULA ral Teer Ok oops See Noe cee Wed Q Q Q(Al), SA(Aq) 
MaQileSilits seat. ote Aenean oe Oem M(Z), Q(o,PC) Q Q(Al), SA(Aq) 
ManGanesets : sari Gia: crea Aeee heer koe ae M(Z), Q(o,PC) Q Q(Al), SA(Aq) 
MGFCUEVSS oid epky cA: Oe nee. Q Q Q(Al), SA(Aq) 
Mol OGENUT ieee. ani eee ee Q Q Q(Al), SA(Aq) 
NICK EIR ee teasrac cite crore 6 Chetan: om eee = Q Q(Al), SA(Aq) 
Nitrate rs Aan oie tn meas aii M(Z), Q(o,PC) Q Q(Al), SA(Aq) 
EOE (MSGR Gencxs cee 's chow stows yous M(Z), Q(0,PC) Q Q(Al), SA(Aq) 
Odonss. Wore. he OOP Fe Sy ac tea a aa = a 
OianGGnedSe Fa eye tare seen ieee Q Q Q(Al), SA(Aq) 
Phosphate Saat. Sean ene: ee M(Z), Q(o,PC) aa = 
PeStICIO eS eee: hae care. ox ae Peers eee = a SA(Aq) 
PHC ROIs eyeing: bevel es Gucci ea neae Meete ah aera Q Q A(Al), SA(Aq) 
POtASSIU MR fee sce Oh sac a on legs eae A M(Z), Q(0,PC) Q Q(Al), SA(Aq) 
Radiation alOilderwes acetate emer earner Q S SA(AI), SA(Aq) 
Radiation: beta etc. yun earee ei ae Q S SA(Al), SA(Aq) 
SECIMent Stee eter see eae, eee ee M(Z), Q(o,PC) = = 
DIICARS Rae we eae Te ee ee M(Z), Q(0,PC) = = 
SUI GLO! Slee teh pate UR, fom eka lr cubes M(Z), Q(o,PC) Q Q(Al), SA(Aq) 
SUITIC Ops toes. Sar rear aes cba ee eee eae Q = = 
SUSDENGECSOIOS aera ete ee ear meee - = = 
FUROICILY re eed se Re pe ol aa = — — 

Tlie cpa cg ews ees tape SMR ae ge hg: M(Z), Q(o,PC) M,Q M, Q(Al) 
otal ISSO EC SONU Sieaa en aniantes ene nearee M(Z), Q(o,PC) Q Q(Al) 
Watemleveleieeni seat tee ct ee eee Mend = = M(Al), SA(Aq) 
Streammilow “ce aeweiee wes. Became ae a M(Z), Q(0,PC) Q,SA,A = 
Water lem penatUneaaenenas eacie eee tee angen M(Z), Q(o,PC) M,Q M, Q(Al), SA(Aq) 
Dissolved organic carbon .............. M(Z), Q(o,PC) SS) SA(AI), SA(Aq) 
KEY: A = Annually (Z) = Major gaging stations only 

SA = Semiannually (0) = All gaging stations except major stations 
S = Semimonthly (PC) = Piceance Creek gaging stations 

Q = Quarterly (Al) = Alluvial wells 

M = Monthly (Aq) = Deep aquifers 


SOURCE: E. R. Bates and T. L. Thoem (eds.), Pollution Control Guidance for Oil Shale Development: Appendices to the Revised Draft Report, compiled by 
Jacobs Environmental Division for Environmental Protection Agency, Cincinnati, Ohio, July 1979, pp. C-84-C-85. 


duction. However, inadequate attention to Lower cost treatment options should also 
water management could seriously impede a be explored. For example, the thermal sludge 
project’s construction and operation. Thus, system could significantly reduce treatment 
water treatment although not costly by itself costs by raising steam directly from process 
could ultimately cause substantial cost esca- condensates. Another promising procedure 


lations. is the removal of dissolved organics from 


treated condensates in the cooling water cir- 
cuit. 


Discharging suitably treated wastewaters 
(especially excess mine water) to surface 
streams should be investigated as a mecha- 
nism for supplementing the region’s scarce 
water resources. Some of the contaminants in 
the treated wastes may require special atten- 
tion, and means to remove them should be ex- 
plored. 


Need for Evaluating the Potential Impacts 
of Effluent Streams 


Information is needed on the impacts of the 
_ pollutants on the environment. In particular, 
_ research is needed on the effect of the leach- 
ing of spent shale and other solid wastes on 
salinity, sediment loading, temperature, nu- 
trient loading, and microbial populations of 
surface waters. This work should address the 
| impacts that might occur both during the 
operation of a facility and after the facility’s 
useful lifetime. 


Specific R&D Needs 


Research is needed in the following speci- 
fic areas: 


e characterization of the wastewaters, es- 
pecially for the presence of trace metals 
and organic chemicals produced by each 
retorting process; 

e determination of the applicability of con- 
ventional treatment methods to oil shale 
wastewater and development of new 
treatment methods if necessary; 

e determination of the changes in ground 
water quality and flows resulting from 
mine dewatering; 

¢ development and demonstration of meth- 
ods to prevent leaching of MIS retorts by 
ground water; 

e studies to simulate and test the percola- 
tion of rainfall and snowmelt through 
spent and raw shales and native soils 
and to assess resulting leachates; 

e standardization of leachate sampling 
techniques; 
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e development of reliable models and test- 
ing them under simulated worst case 
conditions, such as massive failure of a 
containment structure; and 

e research on the restoration of aquifers 
disturbed by in situ processing. 


Current R&D Programs 


Below is a partial listing of the ongoing and 
proposed R&D programs by the Federal Gov- 
ernment and the private sector: 


e Under EPA grants, Colorado State Uni- 
versity is studying the water quality 
within the oil shale areas, the leaching 
characteristics of raw and retorted oil 
shale, and the surface stability and wa- 
ter movement in and through disposal 
piles. Specific objectives include devel- 
oping procedures for assessing the quan- 
tity and quality of surface and subsur- 
face runoff from solid waste piles. 

e Under an EPA contract, TRW and DRI 
are studying the environmental impact 
of oil shale development, including an 
evaluation of technologies for waste- 
water control. 

e DOE’s Office of the Environment is as- 
sessing water quality aspects of the 
Paraho process. 

e DOE and the State of Colorado are devel- 

oping a program related to water pollu- 
tion from MIS retorting. 

e Under EPA contracts, the Monsanto Re- 
search Corp. is investigating the treat- 
ment of retort wastewaters and is study- 
ing the potential of in situ retorting for 
air and water pollution. 

e The National Bureau of Standards, in co- 
operation with EPA and other agencies, 
is developing methods for measuring the 
environmental effects of increased ener- 
gy production. 

e In its oil shale program management 
plan, DOE has proposed to: 

—assess the effect of mine and retort 
backfilling on ground water quality; 
—study the leachability of raw and 

spent shale and the effect of disposal 
on surface and ground water quality; 
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—investigate the need for long-term 
care of surface disposal areas; and 
—design a solid waste disposal plan for 

a commercial MIS facility. 

e The National Science Foundation is 
sponsoring work to characterize the con- 
taminants in spent shale and to develop 
techniques for managing them. 

e EPA is preparing a pollution control 
guidance document for an oil shale in- 
dustry, that will consider all aspects of 
surface and ground water quality. 


Findings on Water Quality Aspects of 
Oil Shale Development 


Water quality is of major concern in the oil 
shale region, especially in regard to the 
salinity and sediment levels in the Colorado 
River system. Oil shale development has the 
potential for water pollution, the extent of 
which will depend on the processing technol- 
ogies employed, the scale of operation, the 
types and efficiencies of the pollution control 
strategies used, and the regulations that are 
imposed. 


Surface discharge from point sources is 
regulated under the Clean Water Act, and 
ground water reinjection standards are being 
promulgated under the Safe Drinking Water 
Act. Solid waste disposal methods may be 
subject to the Toxic Substances Control Act 
and the Resource Conservation and Recovery 
Act. The general regulatory framework is 
therefore in place, although no technology- 
based effluent standards have been promul- 
gated for the industry under the Clean Water 
Act. 


Developers are currently planning for zero 
discharge to surface streams and to reinject 
only excess mine water. Most wastewater 
will be treated for reuse within the facility; 
untreatable wastes will be discarded in spent 
shale piles. The costs of this strategy are low 
to moderate, and development should not be 
impeded by existing regulations if it is imple- 
mented. 


A variety of treatment devices are avail- 
able for the above strategy, and many of them 


should be well-suited to oil shale processes. It 
is less certain that the conventional methods 
would be able to treat wastewaters to dis- 
charge standards because they have not been 
tested with actual oil shale wastes under con- 
ditions that approximate commercial produc- 
tion. Furthermore, no technique has been 
demonstrated for managing ground water 
leaching of in situ retorts, nor has the ef- 
ficacy of methods for protecting surface dis- 
posal piles from leaching been proven. It is 
not known to what extent leaching will occur, 
but if it did, it would degrade the region’s 
water quality. 


Although control of major water pollutants 
from point sources is not expected to be a 
severe problem, less is known about control 
of trace metals and toxic organic substances. 
Research is needed to assess the hazards 
posed by these pollutants and to develop 
methods for their management. Other labora- 
tory-scale and pilot plant R&D should be fo- 
cused on characterizing the waste streams, 
determining the suitability of conventional 
control technologies, and assessing the fates 
of pollutants in the water system. Such work 
is underway; its continuation is essential to 
protecting water quality, both during the op- 
eration of a plant and after site abandon- 
ment. 


Policy Options for 
Water Quality Management 


For Increasing Available Information 


Options for increasing the overall level of 
information regarding pollutants, their ef- 
fects, or their control include the evolution of 
existing R&D programs, the improved coordi- 
nation of R&D work by Federal agencies, in- 


creasing or redistributing appropriations to : 


agencies to accelerate their surface and 
ground water quality studies, and the pas- 
sage of new legislation specifically tied to 
evaluating water quality impacts. For exam- 
ple, pioneer plants receiving Federal assist- 
ance could be required to monitor water qual- 


ity effects, with particular emphasis on non- | 
point discharges. Procedures for implementa- | 
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tion could be similar to those for the existing 
Federal Prototype Leasing Program. Mecha- 
nisms for implementing these options are sim- 
ilar to those discussed in the air quality sec- 
tion of this chapter. 


For Developing and Evaluating 
Control Technologies 


The Government could expedite the avail- 
ability of proven controls by accelerating its 
efforts to design, develop, and test treatment 
technologies for oil shale wastewaters. To be 
most effective, this work would have to be 
coordinated with private efforts to develop 
the oil shale processing methods. This could 
be done under cost-sharing arrangements, in- 
cluding tests at the sites of retort demonstra- 
tion projects. (EPA is presently conducting a 
program for retorting wastewaters under a 
contract with Monsanto Research Corp.) 


For Developing Regulatory Procedures 


The present approach could be followed in 
which regulations evolve as the industry and 
its control technologies develop. An approach 
could also be used in which standards would 
be set that would not change for a period of 
say, 10 years, after which they could be ad- 
justed to reflect the experience of the indus- 
try. This would remove most of the uncertain- 


Introduction 


Anticipating occupational and environmen- 
tal health and safety hazards is an important 
consideration in the development of an oil 
shale industry. Anticipation and planning, es- 
pecially in the early phases of the industry, 
should guide efforts to reduce health and 
safety risks and costs to society. To bring at- 
tention to known hazards, and to point out po- 
tential ones, this section covers the following 
subjects: 


Safety and Health 


ty about environmental regulations that is 
now deterring developer participation. How- 
ever, the standards would have to be careful- 
ly established to assure that they were both 
attainable at reasonable cost and adequate to 
protect the environment. Mechanisms for im- 
plementing improved regulation of nonpoint 
discharges include extension and modifica- 
tion of the Surface Mining Control and Recla- 
mation Act for oil shale, special controls reg- 
ulating nonpoint discharges under the Clean 
Water Act, or applying the Resource Conser- 
vation and Recovery Act waste disposal 
standards to low-grade/high-volume mate- 
rials. 


For Ensuring the Long-Term Management of 
Waste Disposal Sites and Underground Retorts 


These areas may require monitoring for 
many years after the projects are completed. 
Long-term management could be regulated 
under the Resource Conservation and Recov- 
ery Act, which allows EPA to set standards 
for the management of hazardous materials, 
including mining and processing wastes. No 
such action has yet been taken by EPA, but 
Congress could direct it to do so. Congress 
could also require the developers to guaran- 
tee such management by incorporating ap- 
propriate provisions in any bill encouraging 
oil shale development. 


the health and safety hazards associ- 
ated with oil shale operations; 

e the environmental risks if contaminated 
air and water are released; 

e the applicable Federal health and safety 
laws, standards, and regulations; 

e the control and mitigation methods that 
could be applied to these risks; 

e the issues regarding the coordination of 
monitoring and education efforts; 

e the R&D needs; and 

e the policy options. 
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Safety and Health Hazards 


Occupational Hazards 


Workers will be exposed to a number of oc- 
cupational safety and health hazards during 
the construction and operation of an oil shale 
facility. Many of these hazards—such as 
rockfalls, explosions and fires, dust, noise, 
and contact with organic feedstocks and re- 
fined products—will be similar to those asso- 
ciated with hard-rock mining, mineral proc- 
essing, and the refining of conventional petro- 
leum. However, due to the physical and chem- 
ical characteristics of shale and shale oil, the 
types of development technologies to be em- 
ployed, and the scale of operations, oil shale 
workers might be exposed to unique hazards. 
They will be discussed as follows: safety haz- 
ards that might result in disabling or fatal ac- 
cidents; and health hazards stemming from 
high noise levels, contact with irritant and 
asphyxiant gases and liquids, contact with 
likely carcinogens and mutagens, and the in- 
halation of fibrogenic dust. 


SAFETY HAZARDS 

Mining.—The similarity of hard-rock min- 
ing to underground or open pit oil shale min- 
ing makes it possible to project likely occupa- 
tional safety risks. During mining, accidents 
result from rock and roof falls, explosions 
and fires, bumps and falls, electrocution, 
heavy mining equipment, and vehicular traf- 
fic. Hard-rock mining is a high-risk occupa- 
tion; fatalities are five times more frequent in 
the mining and quarrying industry than in 
manufacturing. The frequency of disabling 
injuries from underground mining (excluding 
the coal industry) is two and a half times 
higher than from manufacturing.* Mining 
coal is even more dangerous. 


While most hazards to oil shale miners 
would be similar to those experienced by 
hard-rock workers, some are unique to oil 
shale. A number of the oil shale facilities are 
planning to use MIS processes in which part 
of the deposit is mined out and the remainder 
is then rubbled and burned underground. The 
high temperatures and fires involved in MIS 


may expose miners to risks that are not ex- 


perienced in other underground mining ac- 
tivities. The hazard of mine flooding is not 
unique to oil shale, nor would it be encoun- 
tered in all oil shale mines. However, it could 
be severe in mines that are developed within 
ground water areas. While the mining zones 
would be dewatered before mining could be- 
gin, there could be flooding if the pumps 
failed. 


Retorting and refining.—Potential hazards 
associated with the retorting and upgrading 
of shale oil include explosions, fire and heat, 
bumps and falls, electrocution, and handling 
hot liquids. However, the degree of risk for 
workers involved in the processing of oil 
shale and its derivatives would not be ex- 
pected to be so high as in mining. 


The processes involved in retorting and up- 
grading (e.g., materials handling, crushing, 
solids heating and cooling, waste disposal, 
and the handling of hot and hazardous liq- 
uids) are generally similar to those used in 
other operations such as mineral processing 
(e.g., limestone calcining, roasting of taconite 
and copper ores, and leaching) and conven- 
tional petroleum refining. Although no com- 
parative study has been undertaken, there 
are few unique features associated with re- 
torting, upgrading, and refining that would 
justify expecting higher worker safety risks 
than those in similar industries. 


HEALTH HAZARDS 
Mining.—During oil shale mining, as dis- 
cussed in the section of this chapter on air 


quality, hazardous substances including sili- » 


ca dust will be generated by blasting and 
drilling. In addition, blasting, raw shale han- 
dling and disposal, and other activities at the 
minesite will produce fugitive dust. Silica- 
containing dusts are noteworthy because 
they have been the single greatest health haz- 
ard throughout the history of underground 
mining. Silica is highly toxic to alveolar 
macrophages—‘‘scavenger”’ cells that move 
about on the inside of the lung and engulf and 
remove foreign particles that might damage 
the lung. Silicosis, ‘‘shalosis,’’ and chronic 
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bronchitis* are among the diseases that may 
result from the inhalation of oil shale dust. 


A survey conducted by the U.S. Public 
Health Service (USPHS) between 1958 and 
1961 found excessive dust levels in 6 out of 67 
inspected mines. The chest X-rays of 14,076 
miners employed in 50 hard-rock mines indi- 
cated that 3.4 percent had silicosis.* ** 
These measurements were made before mod- 
ern mine hygiene practices were required by 
the relatively recent occupational safety and 
health regulations and a more recent study 
undertaken by the Mining Safety and Health 
Administration showed marked improve- 
ments in mine dust levels. This study exam- 
ined 22 hard-rock mines, 8 of which were in- 
cluded in the USPHS study, and found none of 
them in violation of the dust standards.***** 


Although few studies have been under- 
taken on the direct association between oil 
shale mining in the United States and the in- 
cidence of lung disease, there are studies on 
the prevalance of lung disease in oil shale 
miners in Estonia. Estonia mined 25 million 
tons of oil shale in 1973, and has had oil shale 


operations for several decades. While the re- - 


sults of the Estonian studies are more intrigu- 
ing than convincing, they do suggest an asso- 
ciation between oil shale mining and pulmo- 
nary fibrosis—an increase in the amount of 
fibrous material in the lung. One study also 
indicated that chronic bronchitis was 2 to 2% 
times more prevalent in 189 Estonian oil shale 
miners than in a similarly aged control popu- 
lation.®’ (A similar degree of excess bronchitis 
has been observed in coal miners in the 


*Silicosis is a disabling fibrotic disease of the lungs caused 
by inhalation of silica dust and marked by shortness of breath. 
‘‘Shalosis”’ is a disease of the lungs and is related to specific ex- 
posures of oil shale mine dust. It resembles silicosis: its ex- 
istence as a specific disease remains to be proved. Inflamation 
of the bronchial tubes, or any part of them, is known as bron- 
chitis. 

**The 3.4 percent is probably a low estimate; generally sick 
individuals who have left the work force or moved for health 
and other reasons are under-represented in such surveys. If 
such individuals had been examined the incidence of silicosis 
might have been higher. 

***This study is expected to be released in the near future 
along with a companion study undertaken by the National Insti- 
tute of Occupational Health and Safety which examines the 
health status of miners from 22 hardrock mines. 


United States and England,**® and in gold 
miners in South Africa.°*°) 


In another study, postmortem examination 
of 30 Estonian oil shale workers who died of 
accidents and various other diseases® found 
that all had pulmonary fibrosis and one- 
fourth displayed classic silicotic nodules.* An 
examination of 1,000 Estonian oil shale 
workers failed to reveal any cases of pneumo- 
coniosis, a pulmonary disease caused by in- 
haled dusts. However, the workers had been 
involved in the industry for only 5 to 14 years. 
Twenty years of exposure are usually re- 
quired for the symptoms of the disease to be 
detected by a chest X-ray. Because Estonian 
industrial hygiene standards are not known, 
the Estonian studies can only suggest an asso- 
ciation between oil shale mining and lung dis- 
ease. The Estonian studies provide no infor- 
mation about the risk levels to be expected in 
mines maintained under U.S. health and safe- 
ty standards. 


Studies of occupational diseases among oil 
shale miners in the United States have been 
limited because relatively few people have 
worked in the industry. A study was under- 
taken involving miners from the oil shale re- 
search center at Anvil Points, Colo., which 
has operated intermittently since 1946. 
Eighty-six workers were identified, but only 
39 of them had been exposed to oil shale for 
one or more years. Those 39 were compared 
with 26 other workers from the facility (e.g., 
office workers, administrators) who had not 
been directly involved in the mining opera- 
tions. Results showed a twofold higher inci- 
dence of pneumoconiosis in the oil-shale ex- 
posed population. However, the interpreta- 
tion of these results is complicated by the fact 
that most of the oil shale miners had previous- 
ly worked in uranium-vanadium mines or mill- 
ing operations which are known to be causes 
of pneumoconiosis.*' Further evaluation of 
these populations was not performed because 
of the age of the workers, their varying levels 
of exposure, and their limited experience in 
oil shale mining. 


*Silicotic nodules are small lumps on the surface of the lung 
formed as a response to deposition of silica specks. 
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A separate study of employees at the same 
facility between 1974 and 1978 found no ad- 
verse health effects.** An examination of the 
death certificates of 167 oil shale workers un- 
dertaken by the National Institute for Occu- 
pational Safety and Health (NIOSH) failed to 
reveal any association between oil shale ex- 
posure and respiratory diseases. Because of 
the limited number of workers studied, their 
relatively short exposures to oil shale mining, 
and in some cases their exposures to other 
kinds of mining, no firm conclusions can be 
drawn from these studies. 


Some animal studies have demonstrated 
relationships between oil shale exposure and 
respiratory diseases, but the results conflict 
with those of other experiments, making it 
difficult to draw conclusions. One study indi- 
cated that Estonian oil shale had a weak fi- 
brogenic* action in rats; both oil shale and 
spent shale ash produced pulmonary fibrosis 
in white rats after the dusts were deposited 
into the trachea. Another study reported 
pulmonary effects when Syrian hamsters 
were exposed via intratracheal administra- 
tion or inhalation to finely ground oil shale 
dust and retorted shales.* © Increased alveo- 
lar macrophage activity was also noted. The 
same study found that retorted shale dust 
was associated with inflamation, and fre- 
quently caused increases in the fibrous mate- 
rial in the lung (fibrosis) and excessive 
growth of cells that line the lung cavities (epi- 
thelial hyperplasia). However, a 2-year study 
with rats, which evaluated the effects of raw 
or spent shale dust instilled intratracheally in 
multiple exposures over an 8-month period, 
found essentially no pulmonary fibrosis. The 
investigator considered the results to be neg- 
ative.® 


Another area of concern is the possible ex- 
posure to carcinogens (e.g., polycyclic aro- 
matic hydrocarbons—PAHs) and trace ele- 
ments that might be produced during mining. 
The NIOSH mortality study mentioned earli- 
er found that the percentage of oil shale 
workers who had died from colon and respi- 


*A fibrogenic substance is conducive to the generation of 
fibrous materials in the respiratory tract. 


ratory cancers was greater than the percent- 
age in the white male populations of Colorado 
and Utah. Whether oil shale exposure con- 
tributed to the higher incidence is unclear, 
and the incidence rate among miners was not 
higher than that of the white male population 
in the United States. 


A cancer morbidity study undertaken by 
the Rocky Mountain Center for Occupational 
and Environmental Health found more cyto- 
logical atypia* in the sputum and urine of oil 
shale miners than among controls, but no as- 
sociation was found between exposure and 
skin diseases. These data will be further 
studied to identify any associations between 
such abnormalities and occupational ex- 
posures. Animal studies undertaken to date 
have not demonstrated that oil shale dust is 
carcinogenic. 


A third potential health hazard to oil shale 
miners is exposure to excessive noise levels, 
particularly in underground operations car- 
ried out in relatively confined spaces. Noise 
arises from numerous sources such as boost- 
er fans, pneumatic drills, blasting, conveyors, 
and mining machines. The Bureau of Mines 
studied 19 pieces of diesel-powered mining 
equipment and found only 2 had noise levels 
below the current standards (90 decibels), 
and one of these exceeded the standard in an 
underground environment. One study esti- 
mated that of the 37,000 workers employed in 
650 metal and nonmetal mines, approximate- 
ly 14,000 (38 percent) were exposed to diesel- 
powered equipment noise levels greater than 
the standard.** Of these, 2,430 (17 percent) 
were Overexposed on a time-weighted-aver- 
age basis.” Evidence indicates exposure to 
noise from a large number of mining ma- 
chines would produce hearing loss if the ex- 
posures exceeded 8 hours per day.” Higher 
short-term noise exposures may occur during 


*Cytological atypia are premalignant cell types observed in 
the examination of the body fluids. 

**A major health issue is the long-term effect of diesel smoke 
exposure in underground mining environments. The National 
Academy of Sciences is conducting a study in this area which 
will be released in the near future. The health implications of 
diesel equipment used in underground oil shale mines is un- 
known at this time. 
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blasting. High noise levels are a potential haz- 
ard not only to hearing, but to the cardiovas- 
cular and nervous systems as well, and pose 
a safety hazard. 


Retorting and _ refining.—Retorting oil 
shale at high temperatures forms PAH-con- 
taining carcinogens of which 3,4-benzo(a)py- 
rene (BaP) is the most studied. PAHs are a 
major potential health hazard for retorting 
and refining workers in the oil shale industry 
because of their carcinogenicity. The prob- 
lems that might be encountered in oil shale re- 
fining are similar to those of conventional oil 
refineries, where liquids and gases are trans- 
ported in airtight pipes under strict mainte- 
nance to detect and repair leaks. 


Crude oil contains an enormous variety of 
potentially hazardous compounds. Even more 
are produced during refining. Work crews in- 
volved in inspection, repair, and maintenance 
are the most likely to be exposed to PAHs. 
Other hazardous substances found in crude 
oil include chlorine, sulfur, nitrogen, and 
heavy metals (e.g., vanadium, arsenic, nickel, 
and cobalt). Toxic contaminants evolved dur- 
ing the refining process include H.S, hydro- 
gen chloride, hydrochloric acid, SO:, sulfuric 
acid, methane, ethane, methanol, nitric acid, 
NO,, mercaptans, CO, and benzene. 


The high rate of cancer of the scrotum 
found in 19th century chimney sweeps and 
mulespinners* is of historical interest be- 
cause it indicates that long exposure of scro- 
tal skin to PAH-containing oils and soots can 
cause cancer. In addition to scrotal cancer, 
cancers of the skin, lung, and stomach have 
also been observed after latent periods of up 
to 20 years following exposure to PAH-con- 
taining substances. While the known carcino- 
gen BaP was identified in Scottish shale oil,” 
a study found only a low incidence rate (less 
than 0.1 percent per year) of skin cancer for 
5,000 Scottish oil shale workers between 
1900 and 1922.” 


*Mulespinners were workers who lubricated the ‘“‘mules’”’ 
(spindles) in the Scottish spinning and weaving industry. Shale- 
derived lubricants were commonly used in this industry. 


Refined Scottish shale oils were known to 
be carcinogenic, but the disease was largely 
preventable by personal cleanliness. It is be- 
lieved that the disease occurred because the 
workers wore the same clothes on the job day 
after day. The clothing was rarely, if ever, 
laundered, and eventually it became impreg- 
nated with shale oil. Contact between the 
soaked clothing and the areas where cancers 
occurred was nearly continuous during each 
working day. This factor, coupled with the 
fact that daily bathing was rare, undoubtedly 
contributed to the high incidence of cancer. 


Two Estonian studies have shown an asso- 
ciation between oil shale processing and 
cancer. A study of 2,003 Estonian oil shale 
workers with a total of 21,495 person-years 
exposure during the period between 1959 
and 1975 found a significant excess of skin 
cancer (fivefold for females and threefold for 
males). An unusually high incidence of 
stomach and lung cancer was found among 
persons in the rural areas of Estonia where 
the oil shale industry is located.” There is no 
information on the working conditions in Esto- 
nian oil shale operations; nor are data 
available on the ambient concentrations of 
shale-derived pollutants in the vicinity of the 
plants. It is therefore impossible to relate the 
Estonian experience to problems that might 
be encountered in the United States. 


Evaluating chemical carcinogenicity in ani- 
mal experiments is an accepted method for 
predicting carcinogenicity in humans. Inves- 
tigations that tested the carcinogenicity of oil 
shale and shale oil in laboratory animals are 
shown in table 66. A conclusion that can be 
drawn from these studies is that shale oil is a 
carcinogen when painted on animal skins. 
The experiment conducted by Biology Re- 
search Consultants (ref. 80 in table 66), in 
which hairless mice were bedded in raw or 
spent oil shale, found no carcinogenic hazard. 
However, this study did not examine the oil 
shale extracts (e.g., shale oil tar and coke) 
with which carcinogenicity has been associ- 
ated. 


Both the Kettering Laboratory (ref. 79) and 
Eppley Institute (ref. 81) studies conclusively 
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Table 66.—Animal Studies on the Carcinogenicity of Oil Shale and Shale Oil 


Nature of study Ref.4 


Materials tested 


Organs 
examined Tumerous animals/animals exposed 


Skin painting study of mice, rats, and rabbits 15 


Skin painting of mice 76 
Skin painting of mice 77 
Skin painting of mice 78 
Skin painting of mice (Kettering study) 79 
Exposure to shale dust (Biology Research 79 


Consultants) 


Skin painting of mice (Eppley study) 79 
Intratrachael instillation in hamsters (Eppley 79 
study) 


Scottish shale oils: ‘‘green oil’’ 
“blue oil’”’ 


“unfinished gas oil’’ 
“lubricating oil’’ 


CHCl, extract of Scottish oil shale 
Scottish shale oil 


Shale oil 


Shale oil 
Composite petroleum control 


Crude shale oil 
Hydrotreated oil 
BaP control 


Oil shale powder 

Oil shale powder 

Spent shale powder 

Spent shale powder 
Powdered corn cobs (control) 
Powdered corn cobs (control) 


Benzene extract of shale oil coke 
TOSCO | effluent 

Benzene extract of raw shale oil 
Benzene extract of spent shale 
Benzene control 

None (control) 


Raw oil shale 
Spent shale 
Shale oil coke 
TOSCO || effluent 
BaP control 
Saline control 
None (control) 


skin 
skin 
skin 
skin 
skin 
skin 
skin 
skin 
skin 


skin 
skin 
skin 
skin 
lungs 
skin 
lungs 
skin 
lungs 
skin 
skin 
skin 
skin 
skin 
skin 


9/100 
12/100 
1/50 
3/50 


0/20 
6/10 


1,284/10,000 


(35%-90% tumerous) 
(0%-8% tumerous) 


See reference list. DRespiratory system. 


SOURCE: William Rom, et al., Occupational/Environmental Health and Safety Aspects of a Commercial Oil Shale Industry, prepared for OTA by Rocky Mountain Center for Occupational and Environmental 


Health, University of Utah, December 1979. 


show that crude shale oil, shale oil tars, and 
shale coke have carcinogenic properties, 
which may be related to their BaP content. 
The second Eppley study (ref. 82), which in- 
vestigated respiratory system carcinogeni- 
city, found no effect. This contrasts to the 
skin exposure experiments. Whether or not 
oil shale and its derivatives are less of a 
threat to the respiratory system than to the 
skin deserves further study. 


Although BaP may not be the only carcino- 
gen in shale oil and its products, it is probably 
the most potent. The study summarized in 
table 67 shows that hydrotreating shale oil 


Table 67.—Benzo(a)pyrene Content of Oil Shale and 
Its Products and of Other Energy Materials 


Substance BaP concentration, p/b@ 
Rawoilishdle ys. 295. gece: yee ke ane eae 14 
TNOSCO!liinetoitedis hale meus tne 28 
TOSCO II atmospheric effluent........... 140 
LOSCOMetotcoke was tt eee 129 
Raw shale oil from Colorado............. 3,200 
Hydrotreated shale oil (0.25% No) ........ 800 
Hydrotreated shale oil (0.05% N.)........ 690 
Godlee £32 ae kee ee ae eee ee 4,000 
WM ETINGMNON oo oc aus ec nen ono oe 1,320 


Asphalt from conventional crude ......... 10,000 - 100,000 


Parts per billion. 


SOURCE: R. M. Coomes, ‘‘Carcinogenic Testing of Oil Shale Materials,’'’ Twelfth Oil Shale Sym- 
posium Proceedings, Golden, Colo., The Colorado School of Mines Press, November 
1979. 
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significantly reduces its BaP content.** Such a 
reduction should be reflected in a lessening of 
its carcinogenicity. This predicted effect of 
hydrotreating was confirmed by the animal 
tests of the Kettering experiment (ref. 79, 
table 66). 


The Estonian epidemiological studies and 
the animal studies show that crude shale oil, 
shale oil tars, and shale coke are all car- 
cinogenic. Most of the studies to date suggest 
that carcinogenicity is restricted to the skin. 
Occupational skin diseases from exposure to 
certain industrial oils have long been a prob- 
lem, as was seen in the case of the scrotal 
cancer among chimney sweeps. One study 
showed that the effects of oil contact with the 
skin range from acute inflammation to kera- 
tosis (pitch warts which are regarded as a 
premalignant skin change.)** Studies of oil 
shale retorting workers in the United States 
in the early 1950’s did not reveal any prob- 
lems with occupational skin disease, but 
workers were exposed for a short time only.® 


A synergistic relationship has been found 
between the ultraviolet radiation in sunlight 
and coal-tar pitch volatiles in causing skin 


diseases. A similar synergism might cause oc-: 


cupational skin diseases in oil shale workers 
on the Colorado plateau, where ultraviolet 
radiation levels are higher than at lower ele- 
vations. 


Refining shale oil will be similar to other 
refining operations. Available epidemiologi- 
cal studies do not lead to clear-cut conclu- 
sions about relationships between working in 
refineries and cancer. A retrospective mor- 
tality study sponsored by the American Petro- 
leum Institute that covered 17 U.S. oil refin- 
eries and over 20,000 workers was reported 
in 1974.% The study group included every 
worker employed in the refineries for at least 
one year between January 1, 1962, and De- 
cember 31, 1971. A 94-percent followup was 
obtained. There were 1,165 deaths; 1,145 
death certificates were obtained. The stand- 
ardized mortality ratio (SMR) for all causes of 
death among refinery workers was 69.1 com- 
pared with the base rate of 100 for the U.S. 
male population. The lower death rate among 


refinery workers was attributed to the 
‘healthy worker effect;”’ i.e., employed work- 
ers are healthier on the average than the gen- 
eral population. Respiratory cancer  in- 
creased with increasing exposure to aro- 
matic HC, but was still lower than found in 
the general population (SMR of 79.9). 


On the other hand, two epidemiological 
studies published by Canadian investigators 
showed an increased cancer risk for refinery 
workers. In a group of 15,032 male employees 
who worked for the Imperial Oil Co. between 
1964 and 1973, there were 1,511 deaths. 
Eighty percent were ascribed to circulatory 
system disease and to malignant abnormal 
growths (neoplasms). Mortality from all ma- 
lignant neoplasms in the exposed group was 
greater than in the nonexposed group. Can- 
cers of the digestive and the respiratory sys- 
tems increased with duration of employ- 
ment.” 


A further study examined 1,205 men who 
had been employed for over 5 years by Shell 
Oil Canada in East Montreal. Their mortali- 
ty rate was compared with death rates for 
the Province of Quebec. The study group was 
relatively small, and only 108 deaths were 
observed. An increased incidence of cancer 
of the digestive system (SMR of 117) was not 
statistically significant, and there was no 
evidence of excessive lung cancer (SMR of 
35.4). An excess of brain cancer was found 
among those who had been exposed less than 
20 years, but it caused only three of the 
deaths. 


Societal Hazards 


Air pollutants include particulates, gases, 
and trace-metal vapors. Particulates which 
contain absorbed PAH can be carcinogenic. 
The sulfur and nitrogen-containing emissions 
are respiratory irritants. Among the sulfur- 
containing pollutants, the effects of acid 
sulfates, sulfuric acid, and SO, dissolved in 
aerosols are the best documented. All three 
are irritants and can make breathing diffi- 
cult. In addition, some epidemiological evi- 
dence relates chronic bronchitis and respira- 
tory diseases to SO, and to particulate con- 
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centrations in the air. Oxides of sulfur and ni- 
trogen, transported from industrial areas, 
may Cause acidic rainfall that may reduce the 
productivity of forest vegetation and kill fish 
by increasing the acidity of lakes and 
streams. NO, oxides can react with HC in the 
atmosphere to produce O:, photochemical 
smog, and acid rain. Airborne NH; may cause 
headaches, sore throats, eye irritations, 
coughing, and nausea in humans. 


Among the trace elements that may be 
emitted, mercury, lead, cadmium, arsenic, 
and selenium are considered to be potential 
air and water pollutants. Arsenic is a car- 
cinogen, which when inhaled or ingested in 
large amounts, may also cause peripheral 
vascular disease and neuropathy.* Mercury 
is a special problem because its vapors can 
pollute the air and earth many miles from the 
plantsite. It can also contaminate surface 
streams and ground water aquifers. It can 
enter the food chain through the actions of 
micro-organisms, and can also pose a risk of 
irreversible neurological damage to humans 
who eat fish that have been contaminated by 
mercury in streams. 


Leachates from aboveground disposal 
areas and burned-out in situ retorts also pose 
potential problems. PAHs, salts, and metals 
may dissolve in surface streams and ground 
water and infiltrate public drinking water 
supplies. Water-soluble salts in spent shale 
contain as much as 40 percent of the total 
benzene-soluble organic matter. All of these 
materials can be dissolved in water and dis- 
persed through soils. The exact nature of the 
threat posed by these materials to human 
health is unknown since, for example, PAHs 
are found throughout nature. However, the 
PAH content of spent shale leachates (up to 
100 to 1,000 times higher than is found in nor- 
mal ground or surface water) is a matter for 
concern. Fluoride, if released in excessive 
amounts in contaminated water, may cause 
fluorosis (reduced bone strength and debilita- 
tion) and mottle tooth enamel. 


*Neuropathy refers to pathological changes in the 
peripheral nervous system. 


The severity of these hazards will depend 
on many factors. Many of the risks could be 
very small if they are anticipated, and if ap- 
propriate control strategies are designed and 
followed. If caution is not employed, or if 
there are catastrophic failures in the control 
systems during or after plant operation, dam- 
age could be severe and long lasting. 


Summary of Hazards and Their Severity 


The safety and health hazards that might 
be associated with oil shale mining, retorting, 
and refining are identified in figure 62. They 
are ranked according to their known poten- 
tial to cause injury or death. As shown, min- 
ing has the highest potential for accidents, 
due to risks from rockfalls, explosions, mov- 
ing equipment, and general working condi- 
tions. There were two fatalities during the 
mining of over 2 million tons of shale and the 
production of over 500,000 bbl of shale oil. 
The accident rate has been one-fifth that for 
all mining, and much lower than that for coal 
mining. However, this record was achieved in 
small-scale experimental mines that em- 
ployed, for the most part, experienced hard- 
rock miners. Whether safety risks will in- 
crease or decrease as mining activities are 
expanded cannot be predicted. Risks might 
increase as the work force expands to include 
inexperienced miners and as large, rapidly 
moving mining equipment is used. On the 
other hand, the large mines proposed for oil 
shale plants may reduce risks because of the 
additional room in which to maneuver ma- 
chines. 


Fires and explosions are also identified as 
a hazard in mining. Although no severe fires 
have occurred to date, laboratory studies in- 
dicate that airborne shale dust can propagate 
a methane explosion. Methane has been 
found in low concentrations in some oil shale 
deposits, especially those in the saline zone of 
the Piceance basin. Oil shale dust is, how- 
ever, far less explosive than coal dust. 


Dust is a major health hazard. Its effect on 
the respiratory system is well-known. Exces- 
sive noise is also a recognized hazard. Cancer 
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Figure 62.—Summary of Occupational Hazards Associated With Oil Shale Development 


Relative Ranking 
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SOURCE: Office of Technology Assessment. 
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from oil shale mining has not been identified 
as a major hazard. Although the carcinoge- 
nicity of oil shale dusts and crude shale oil 
has been demonstrated by some invesigators, 
insufficient information and the conflicting 
results of other studies prevent a determina- 
tion of the severity of the risk. However, the 
incidence of diseases in other industries in- 
dicates that exposure to these materials 
could be hazardous. Worker health should be 
carefully monitored if health damage is to be 
avoided, and prevention techniques im- 
proved, as the oil shale industry develops. 


Retorting is regarded as having medium 
risks in all areas. This ranking primarily 
reflects the low level of knowledge about 
retorting and its health and safety effects. 
However, the large variety of substances that 
will be encountered in retorting (from raw 


shale dust to trace-element emissions) may ' 


pose as yet undetected health hazards. Of 
special concern is the possibility of car- 
cinogens in shale oil and its derivatives. 
Possible synergisms in MIS operations (which 
combine mining with retorting) could in- 
crease the level of risk. 


In contrast, shale oil refining is regarded 
as posing no special hazards in many areas 
and only moderate risks in the others. This is 
because most of the problems that will be 
associated with shale oil processing should 
be similar to those experienced in convention- 
al petroleum refining. 


Federal Laws, Standards, 
and Regulations 


This section discusses the Federal laws 
and standards applicable to oil shale occupa- 
tional health and safety, and some aspects of 
environmental health. Other laws which gov- 
ern specific impacts on air, water, and land 
are discussed elsewhere in this chapter. 


Occupational Safety and Health Act of 1970 


This Act was passed to assure every work- 
ing person “‘safe and healthful working condi- 
tions;’’ it established the Occupational Safety 


and Health Administration (OSHA) under the 
Department of Labor. Most OSHA standards 
promulgated under the Act pertain to safety, 
e.g., walking and working surfaces, fire pro- 
tection, and personal protective equipment. 
In addition, health standards have been pro- 
mulgated to limit worker exposure to hazard- 
ous chemicals and physical hazards, such as 
noise and crystalline silica. 


OSHA recently published a policy for the 
identification, classification, and regulation 
of toxic substances posing occupational car- 
cinogenic risks. Under this policy, a sub- 
stance shown to cause cancer in two animal 
studies can be classified as a ‘“‘category I” 
carcinogen and regulated to control worker 
exposure to the lowest feasible levels. 
Whether any two of the positive carcinoge- 
nicity results mentioned in table 66 are suffi- 
cient to cause a category I classification 
awaits NIOSH review. 


The Federal Mine Safety and Health 
Amendments of 1977 (FMSHA) 


These amendments apply to all metal and 
nonmetal mines. They prescribe health and 
safety standards ‘‘for the purpose of the pro- 
tection of life, the promotion of health and 
safety, and the prevention of accidents.” 
FMSHA established the Mine Safety and 
Health Administration (MSHA) in the Depart- 
ment of Labor, and directed the Secretary of 
Labor to develop, promulgate, revise, and en- 
force health and safety standards for work- 
ers engaged in underground and surface min- 
eral mining, related operations, and prepara- 
tion and milling. In addition, each mine oper- 
ator is to have a mandatory health and safety 
training program. FMSHA also authorized 
the Secretary of Labor to require frequent in- 
spections and investigations of mines: at least 
four times a year in the case of underground 
mines, and at least twice a year in surface 
mines. Records of mine accidents and expo- 
sures to toxic substances are to be main- 
tained by mine operators. 


Section 101(a) of FMSHA requires that 
standards on toxic material or harmful physi- 
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cal agents be set to ‘‘most adequately assure 
...(on the basis of the best available 
evidence) that no miner will suffer material 
impairment of health or functional capacity 
(even if such miner has regular exposure to 
the hazards dealt with by such standard for 
the period of his working life).’’ NIOSH has 
the responsibility to determine when the ma- 
terial or agents are toxic at the concentra- 
tions found in the mine. 


Warning labels, protective equipment, and 
control procedures are to be employed ‘‘to 
assure the maximum protection of miners.”’ 
Medical examinations and tests, where ap- 
propriate, are to be provided at the opera- 
tor’s expense to determine whether a miner's 
health is adversely affected by exposures. 


Memorandum of Understanding Between 
OSHA and MSHA 


Because of the overlapping jurisdiction be- ' 


tween OSHA and MSHA, an interagency 
agreement was executed on March 29, 1979, 
to allocate the responsibilities for mining 
safety between the two agencies. The agree- 
ment established that as a general policy, un- 
safe and unhealthful working conditions on 
minesites and in milling operations would 


come under the jurisdiction of MSHA. Where. 


these do not apply, or where no MSHA stand- 
ards exist for particular working conditions, 
OSHA and its regulations would apply. 
Where uncertainties arise about jurisdiction, 
the appropriate MSHA District Manager and 
OSHA Regional Administrator (or the respec- 
tive State designees in those States with ap- 
proved mine-safety plans) shall attempt to 
resolve the matter. If they cannot do so, the 
issue will be referred to the national offices 
of the two agencies. If the issue cannot be 
resolved at that level, it will be referred to the 
Secretary of Labor for a final ruling. 


The Toxic Substances Control Act 
of 1976 (TSCA) 


TSCA covers the manufacturing, process- 
ing, distribution, use, and disposal of chemi- 
cal substances in commerce. However, it 


should be noted that if specific operations are 
regulated by other laws (e.g., Clean Air Act, 
Clean Water Act) their authority would prob- 
ably take precedence over regulations pro- 
mulgated under TSCA. TSCA regulations 
would be promulgated only when regulations 
under the other Acts failed to remove a haz- 
ard. Also, chemicals that are not sold in com- 
merce are considered ‘‘R&D substances” and 
are exempt from some of the requirements 
under the Act. 


Under TSCA, EPA must require industry to 
give notice 90 days prior to beginning the 
manufacture of any new substance that is not 
listed on EPA’s Inventory of Existing Chem- 
icals. EPA can also require industry to test 
the toxicity of chemicals already in commerce 
that may pose an unreasonable risk to human 
health or the environment. Shale oil and its 
refined products are included in the inven- 
tory list and therefore are not subject to pre- 
market regulations, but testing can be re- 
quired under other sections of TSCA if the 
Administrator of EPA determines such sub- 
stances may pose an ‘‘unreasonable risk’’ to 
health or the environment. 


Control and Mitigation Methods 


Some of the oil shale’s health and safety 
hazards can be reduced by using the pollution 
control technologies described elsewhere in 
this chapter. Others will require specific in- 
dustrial hygiene controls. The three major 
control methods are: 


e worker training programs, including an 
intensive training progam for new work- 
ers and refresher courses for workers 
throughout their careers; 

e the design and maintenance of safe 
working environments; and 

e health monitoring programs, including 
examinations and recordkeeping. 


Initial training programs and_ refresher 
courses are required by OSHA and MSHA. 
These agencies also promulgate standards 
for working environments. Health inspections 
are sometimes included in OSHA/MSHA rou- 
tine inspections, and special health inspec- 
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tions can be made if the agencies determine 
that a serious health hazard exists. At pres- 
ent, exchange of worker-health information 
among companies is not required, although 
some companies, especially in the coal mining 
industry, have organized such programs to 
provide data regarding occurrences of black 
lung among miners who change jobs within 
the industry. 


Summary of Issues and R&D Needs 


Issues 


The effect of the scale of operation of fu- 
ture oil shale facilities on worker safety is 
still unknown. As indicated previously, the oil 
shale industry to date has a good safety rec- 
ord. It is not clear whether or not this record 
can be maintained in large facilities and in a 
large industry. 


The protection of worker health and safety 
in an industry that is developing with great 
speed is also a major concern. To prevent un- 
due risks, it is important that the health haz- 
ards of oil shale and its related materials be 
identified, and that appropriate measures be 
employed for their control. 


R&D Needs 


Research is needed in the following areas 
in order to improve the understanding of the 
potential effects of oil shale development on 
the workers and on the public: 


e additional data gathering and analysis 
are needed on the health effects of par- 
ticulates generated during oil shale min- 
ing and processing. Studies should in- 
clude: a) identification of absorbed 
PAHs; b) determination of particulate 
size distributions; c) evaluation of the 
risk of fibrogenicity and carcinogenicity; 
d) ranking of the unit operations in terms 
of their degree of risk; and e) determina- 
tion of their health effects on nearby 
communities. with respect to, for exam- 
ple, chronic bronchitis; 

e characterization of worker exposure to 
PAHs, other chemical hazards, and 


physical agents such as ionizing radia- 
tion, heat, and noise stress; 

e evaluation of devices for controlling 
worker exposure, such as_ hermetic 
seals, ventilation equipment, and per- 
sonal protective equipment; 

¢ environmental monitoring to determine 
ambient levels of PAHs, trace elements, 
and other potentially harmful sub- 
stances; 

e determination of the pathways followed 
by PAHs, salts, toxic trace elements, and 
other substances; and 

e additional controlled animal experi- 
ments to determine the toxicity, muta- 
genicity, and other characteristics of the 
raw materials and products encoun- 
tered in oil shale processing, and evalua- 
tion of their synergistic interrelation- 
ships. 


A mechanism that would aid in all of these 
studies, and in other ones that evolve as the 
industry is created, would be an oil shale 
health registry or central repository for the 
health records of oil shale workers. These 
data would aid in the statistical work needed 
to detect extraordinary health trends among 
the workers. These, in turn, could be related 
to working conditions and used to improve 
preventive and protective measures. 


Current R&D Programs 


The following is a partial listing of the 
health and safety R&D projects now under- 
way both in the private sector and by Govern- 
ment agencies. 


e Tosco is studying the fire and explosion 
potential of oil shale mining and process- 
ing. 

e The American Petroleum Institute is 
studying the effects of oil shale on fe- 
tuses by exposing pregnant rats to raw 
and spent shale dust and shale oil. 

e EPA is performing or contracting work 
through 10 of its laboratories to support 
the regulatory goals of the agency and to 
ensure that an oil shale industry will be 
developed in an environmentally accept- 
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able manner. The EPA Cincinnati labo- 
ratory is studying the handling of raw 
shale and the disposal of spent shale. Air 
pollution, wastewater characteristics, 
and water treatment methods are also 
being studied and evaluated. The Las 
Vegas laboratory is attempting to design 
and implement an optimal wastewater 
treatment system. The Athens, Ga., labo- 
ratory is characterizing retort effluents 
and developing instrumentation and con- 
trol systems. Biological and health ef- 
fects studies are being conducted at the 
Gulf Breeze and Duluth laboratories; 
these are designed to determine path- 
ways by which HC enters the food chain, 
to characterize the aquatic life in the oil 
shale region before oil shale develop- 
ment occurs, and to determine the car- 
cinogenic, mutagenic, and fetal effects 
of oil shale and its derivatives and 
wastes. EPA is also preparing pollution 
control guidance documents for the oil 
shale industry. 

DOE is conducting source characteriza- 
tion studies to determine emissions prop- 
erties and their health effects. Included 
is an extensive program for sampling re- 
tort liquids, solid products, and wastes. 
Streams to be sampled include mine vent 
gases, mine air, retort water, raw and 
retorted shale, process water, and par- 
ticulates. Biological testing will be con- 
ducted to include short- and long-term 
animal exposure tests and medical and 
epidemiological studies of oil shale work- 
ers. 

The U.S. Department of Agriculture is 
sponsoring work related to the social 
consequences of oil shale development 
and the revegetation of solid waste dis- 
posal areas. 

The National Science Foundation is 
sponsoring projects to characterize the 
contaminants in spent shale and to de- 
velop techniques for managing them. 


Policy Considerations 


The major issue surrounding the health 
and safety aspects of oil shale development is 
the paucity of information on the nature and 
severity of the health effects of oil shale, its 
derivatives, waste products, and emissions. 
The effect of the scale of operation of oil 
shale facilities on worker safety is also un- 
known. Policy options for addressing these 
issues follow. 


Inadequate Information 


Additional study is needed to determine the 
effects on human health of the various chemi- 
cal substances and particulates encountered 
during the mining and processing of oil shale 
and its products and wastes. Such informa- 
tion would be useful in identifying and miti- 
gating long-term health effects on workers 
and the public. It would also be useful in set- 
ting new standards for worker health and 
safety. Options for increasing the amount of 
information include expanding existing R&D 
programs; coordinating R&D work by Federal 
agencies; increasing appropriations to agen- 
cies to accelerate their health effects studies; 
and passing new legislation specifically call- 
ing for study of the health and safety aspects 
of oil shale development. Methods for imple- 
menting these options are similar to those de- 
scribed in the air quality section of this 
chapter. 


Health Surveillance 


Collection and maintenance of oil shale 
workers’ health records in a health registry 
would facilitate hazard identification and 
planning to reduce risks. The registry might 
be located in a regional medical center, with 
or without Federal agency input. Funding 
could be provided by Government, labor, or 
the oil shale developers, or by a cost-sharing 
arrangement between these groups. The reg- 
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istry location could be the focus of regular 
meetings to exchange health and safety in- 
formation and to disseminate basic scientific 
findings that apply to the oil shale industry. 


} Exposure Standards 


As information about chemical health haz- 
ards is developed and analyzed, NIOSH and 
MSHA should determine whether exposure 


standards are necessary to protect worker 
health and safety. In addition, sampling meth- 
ods should be in place to monitor exposures. 


Worker-Education Campaigns 


Worker education is already a part of the 
mining industry. Information about newly 
identified risks should be conveyed to work- 
ers as soon as possible. 


Land Reclamation 


Introduction 


An oil shale industry will use land for ac- 
cess to sites, for facilities, for mining, for re- 
torting, for oil upgrading, and for waste dis- 
posal. The extent to which development will 
affect the land on and near a given tract will 
be determined by the location of the tract; the 
scale, type, and combination of mining and 
processing technologies used; and the dura- 
tion of the operations. Comparatively little 
land will be disturbed by the retorts and up- 
grading facilities themselves, but much larger 
areas will be disrupted by mining activities 
and waste disposal operations, particularly if 
the deposits are developed by open pit mining 
in conjunction with aboveground retorting, 
which produces retorted shale as a process 
waste. 


It has been estimated that a 1-million-bbl/d 
industry using aboveground retorts would 
process approximately 600 million tons of 
raw oil shale per year, and would require the 
disposal of approximately 10 billion ft* of 
compacted spent shale. Less of the surface 
would be disturbed by in situ retorting, al- 
though the surface would nevertheless be dis- 
turbed by drill pads. However, the disturb- 
ance would be different and less drastic than 
from an open pit operation. At the same time, 
the amount of subsurface disturbance for a 
given level of oil production would be in- 
creased because, although with an in situ 
process relatively little oil shale is mined, oil 
recovery rates are lower and some leaner oil 
shales would be retorted. Subsurface disrup- 


tion from undergound mining and in situ de- 
velopment could affect aboveground condi- 
tions through subsidence in the mined-out 
areas. But this might not happen until long 
after operations at the site have ceased. 


Oil shale plants must be built to comply 
with the laws and regulations that govern 
land reclamation and waste disposal. Never- 
theless, there will still be effects on the topog- 
raphy (ultimately the terrain could be modi- 
fied to a landscape unlike the original) and on 
wildlife (through changes in forage plants 
and habitats). In addition, unless appropriate 
control methods are developed and applied, 
as required by law, the large quantities of 
raw and retorted shale could pollute the air 
with fugitive dust and the water with both 
runoff and the effluent that has percolated 
through raw shale storage piles and waste 
disposal areas. Solid wastes such as cata- 
lysts, water treatment sludges, and refinery 
coke, will be produced in relatively small 
amounts, but will contain toxic components 
that could degrade water quality unless prop- 
erly controlled. Similar care will be needed to 
remove, store, dispose, and revegetate the 
large amounts of overburden that will be 
handled in open pit mining operations. 


Several avoidance and mitigation strate- 
gies have been proposed to minimize the over- 
all land impacts of oil shale development. Oil 
shale plants, access corridors, and disposal 
areas could be sited to avoid esthetic deteri- 
oration and improve the feasibility of land 
reclamation and revegetation programs; and 
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mining and in situ retorting could be designed 
to decrease surface subsidence or reduce its 
rate. In addition, most development plans 
propose to protect existing wildlife habitats 
and migration routes, where possible, and to 
enhance the characteristics of adjacent 
areas to promote wildlife readjustment. Rec- 
lamation and revegetation techniques have 
been developed and tested on a small scale 
over limited periods of time for aboveground 
solid waste disposal, and backfilling mines 
has been suggested to reduce the quantity of 
solid material that must be disposed of on the 
surface. 


As with air and water control methods, a 
number of uncertainties surround the feasi- 
bility of methods for minimizing land disturb- 
ance and its effects on wildlife. At issue are 
the feasibility of land restoration and revege- 
tation techniques, and the adequacy of strat- 
egies to control the leaching of solid waste 
and raw shale piles. The methods for dispos- 
ing of solid wastes by backfilling mines and 
for controlling leachates from solid waste dis- 
posal piles and underground retorts were dis- 
cussed previously in the water quality sec- 
tion. In this section the reclamation and re- 
vegetation of processed shales on the surface 
are examined. 


Reasons for Reclamation 


The primary purpose of reclaiming the sol- 
id wastes is to reduce their detrimental ef- 
fects. These include: changes in the land- 
scape, the disruption of existing land uses, 
the loss of the biological productivity on a 
given land surface, and the degradation of air 
and water quality by erosion and leaching. In 
addition, secondary impacts such as fugitive 
dust would affect not only the immediate area 
but adjacent areas as well. 


Regulations Governing Land Reclamation 


In order to ensure that mining operations 
will incorporate reclamation concepts and 
minimize adverse effects, legislation has been 
passed and regulations have been promul- 
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gated governing oil shale mining, processing, 
and waste disposal. 


Each State in the oil shale region has rec- 
lamation laws that apply to all mining opera- 
tions. USGS has regulations that control oil 
shale operations only on Federal lands. In ad- 
dition, the Department of the Interior (DOI) 
established environmental stipulations gov- 
erning lands under the Prototype Oil Shale 
Leasing Program that include additional spe- 
cific reclamation standards. The Surface 
Mining Control and Reclamation Act 
(SMCRA), passed in 1977, provides a system 
of comprehensive planning and decisionmak- 
ing needed to manage land disturbed by de- 
velopment. However, the Act applies only to 
coal, and the detailed reclamation standards 
promulgated under it may not be appropriate 
to oil shale in all cases. However, it provides 
a guide to measure the strictness of other 
laws applicable to oil shale for matters that 
are not specific to coal. 


The Colorado Mined Land Reclamation Act 
is administered by a board and division with- 
in the Department of Natural Resources. It 
requires permits for each mine operation, 
stipulates application precedures and crite- 
ria for permit approval, requires surety (e.g., 
performance bonds), and sets procedures for 
enforcement and administration. The Act’s 
performance standards are similar in con- 
cept to those established by the Federal Coal 
Act. They are not, however, as detailed since 
they must apply to all minerals from oil shale 
to sand and gravel (except for coal, which has 
been amended to correspond to the new Fed- 
eral requirements); and, in some cases, they 
are not so strict. For example, an operator 
may choose the postmining use of affected 
land; whereas, the Federal standard requires 
approval of such use by the permitting au- 
thority according to strict criteria. Also, an 
operator may substitute other lands to be re- 
vegetated if toxic or acid-forming materials 
will prevent their successful vegetation, and 
the mitigation of such conditions is not feasi- 
ble. Mining would probably be prohibited 
under similar conditions by Federal stand- 
ards, if they were applicable to oil shale. 
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The Utah Mined Land Reclamation Act is 
administered by the Board of Oil, Gas, and 
Mining. It provides for various powers of the 
board, administrative procedures, surety, 
and enforcement. However, the Utah law only 
establishes general reclamation goals and 
does not set detailed environmental perform- 
ance standards as do SMCRA and the Colora- 
do law. These goals include minimizing envi- 
ronmental degradation or “future hazards to 
public safety and welfare’’ and establishing 
‘“‘a stable ecological condition compatable 
with... land uses.’’ They are open to broad 
discretionary interpretation by the Oil, Gas, 
and Mining Board. 


The Federal standards that do apply to oil 
shale are limited to Federal lands;* they do 
not govern operations on private land, and 
are in no way comparable to the detailed 
standards that apply to coal under SMGRA. 
For example, 30 CFR 231.4 establishes very 
general goals requiring reclamation to 
“avoid, minimize or repair’’ environmental 
damage. Specific details must be set by site- 
specific leases. It is not applicable to true in 
situ oil shale methods using boreholes and 
wells, thus will not govern spent shale leach- 
ing for this technology. Part 23 of title 43 
authorizes, but does not require, the Bureau 
of Land Management (BLM) District Manag- 
ers to formulate reclamation requirements 
and USGS Mining Supervisors to set stand- 
ards for mine plans. 


More important are specific lease stipula- 
tions. Environmental stipulations have been 
included in the Prototype Oil Shale Leases 
governing operations on current Federal 
lease tracts. The reclamation and revegeta- 
tion performance standards that are included 
take into account the experimental nature of 
the program. For example, lessees are given 
10 years to demonstrate a necessary revege- 
tation technology; however, operations must 
cease if such technology is not developed. The 
lease and the environmental stipulations are 
administered under the broad discretion of 
the Area Oil Shale Supervisor, who has re- 


* About 70 percent of the oil shale land, containing about 80 
percent of the resources, is federally owned. 


quired “‘best available control technologies’’ 
to minimize all environmental damage. 


In summary, while reclamation is required 
under State laws, there are no performance 
standards specific to oil shale. Regulations 
vary and are not so strict as the general re- 
quirements of the Federal coal law. There are 
additional requirements that pertain to Fed- 
eral leases. 


Reclamation Approaches 


Several reclamation approaches can be 
used to reduce the deleterious effects asso- 
ciated with the disposal of spent oil shale. 
These include returning surface wastes to 
mined-out areas; the chemical, physical, or 
vegetative stabilization of processed shale; 
and combinations of these approaches. 


Reducing Surface Wastes 


Mine backfilling was discussed in the sec- 
tion on water quality. As was indicated, the 
disposal of wastes underground will be more 
expensive than surface disposal, but there 
could be less surface subsidence caused by 
the collapse of overburden materials above 
the mined-out rooms. 


Chemical or Physical Stabilization 


One approach that can be used to reduce 
erosion on disposal sites is to use chemical or 
physical methods to stabilize the processed 
shale. Chemical stabilization may be short 
term—from a few months to a couple of 
years—or longer term. Short-term methods 
consist of spraying biodegradable chemicals 
on the surface; these reduce wind and water 
erosion by binding particles together. Such 
chemicals have been used along with revege- 
tation to achieve temporary stability.*° The 
chemicals do not appear to inhibit seed germi- 
nation; however, they are expensive and, at 
best, temporary. 


Longer term stabilization consists of add- 
ing materials such as emulsified asphalt or 
processed limestone to induce chemical reac- 
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tions that harden the mixtures. Hardening 
can be accomplished by wetting of shales 
processed at high temperatures, followed by 
compaction. The hardened products have the 
advantages of relatively high resistance to 
erosion and reduced leaching of soluble salts 
into the ground water. Their disadvantages 
are that they are esthetically unattractive 
and cannot support vegetation unless covered 
by a suitable plant growth medium. The long- 
term effects of chemical stabilization are at 
present unknown. 


Erosion can be reduced physically by cov- 
ering the processed shale with a layer of 
rocky material. Like the chemical ap- 
proaches, physical methods inhibit the estab- 
lishment of a vegetative cover, are not esthet- 


ically pleasing, and restrict the future uses of 
the land. 


Vegetative Stabilization 


Vegetation offers the most esthetically 
pleasing and productive means of stabilizing 
waste materials. It also allows for multiple 
land use. In addition, vegetation theoretically 
offers a means of continually adapting to the 
changing environmental conditions that are 
likely to occur on the disposal site over time. 


Vegetation will also reduce the overland 
flow of water and sedimentation during in- 
tense storms by increasing the permeability 
of the soil. This will increase the infiltration 
of water, thus reducing surface water and 
pollution and flood hazards. Vegetative cover 


Photo credit: OTA staff 


A variety of plant life will be required for revegetation of spent shale areas 
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will tend to ameliorate micro-climatic condi- 
tions and also reduce wind erosion and ex- 
tremes in soil temperatures. 


Combinations of Stabilization Methods 


Perhaps the most effective means of sta- 
bilizing waste piles will be combinations of 
approaches such as hardening the processed 
shales by chemical means and then establish- 
ing vegetation on a friable soilcover atop the 
solidified wastes. The vegetative stabilization 
of soil-covered spent shale appears to be the 
preferred reclamation approach because the 
chemical and physical properties of proc- 
essed shale make it much less amenable to 
supporting plant growth that resembles the 
diversity and density of the present natural 
vegetation ecosystems. 


The Physical and Chemical 
Characteristics of Processed Shale 


The physical and chemical characteristics 
of the processed shale are determined by the 
source of the raw shale; its particle size after 
crushing; and the retorting parameters such 
as temperature, flow rate, and carbonate de- 
composition, which vary with different retort- 
ing processes. 


The characteristics of processed shales 
that make them undesirable as a plant 
growth media are: 


e small particle size (texture), which en- 
courages erosion; and compaction or Ce- 
mentation, which results in low permea- 
bility to water and poor root penetration; 

e high pH (i.e., high alkalinity), which dis- 
courages plant growth by making essen- 
tial nutrients insoluble and therefore un- 
available; 

e high quantities of soluble salts, including 
elements toxic to plant growth that in- 
hibit water and nutrient uptake; and 

e the dark colors of some spent shales, 
which absorb solar radiation thus pro- 
ducing high temperatures that inhibit 
seed germination and dry the soil 
through evapotranspiration. 


The characteristics of spent shale from 
several processes are summarized in table 68 
and discussed below. 


Texture 


Raw shale that is finely crushed, as in the 
TOSCO II process, produces a fine silty spent 
shale that is highly susceptible to erosion. 
However, if the shale is coarsely crushed as 
in the gas combustion processes, a coarse- 
textured spent shale is produced that is less 
susceptible to erosion. The resistance to wet- 


Table 68.—The Chemical and Physical Properties of Processed Shales 


Processing 

Process temperature Color Texture@ Salinity® pH 
TOSCO eer dene ericks aacerucna Low Black Fine 18 ont 
GasiGombustioninwsceeiaeecamen: High Gray Coarse 14 Sat 
Paraho 

Directly heated rts eaey: High Gray Coarse 7 12.2 

Indinectlyineate Gas seri ensemnae Low Black Coarse 10 12.3 
Union 

Fa rd «:\ (a) ge ee Aten aera oo de alee High Gray Coarse 3-4 11.4 

= Bake TOLOK Rergcetants wate, tet a Rae Low Black Coarse Ve) 8.5 
[EUKGIRUMQGS) secre seen eres cen aerate Low/high Gray Fine/coarse 3-7 tiene 


4Fine-textured processed shales are predominantly smaller than 2 mm while coarse-textured processed shales are predominantly larger than 2 mm. 
DThe electrical conductivity (mmho/cm) of a saturated extract prepared from spent shale particles smaller than 2 mm. 


SOURCE: Plant Resources Institute, The Reclamation of Processed Oil Shale, prepared for OTA, January 1980. 
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| ting of the spent shale originally produced in 
| the TOSCO process” *' has been overcome by 
introducing steam in the last step of the proc- 
| ess. Spent shales produced by retorting at 
| higher temperatures have not been reported 
| as resistant to wetting. 


The capacity of spent shales to retain 
| water is moderate. Infiltration rates on fine- 
| textured spent shale (TOSCO II) range from 
| near zero to as high as 3 to 4 cm/hr.” * Those 
_ for uncompacted coarse-textured spent shale 
| are higher.” Rates of from 2 to 4 cm/hr will be 
| sufficient for the surface runoff to be ab- 
sorbed from most low-intensity storms but not 
from high-intensity ones that occasionally oc- 
| cur during the summer. Moistening and com- 
| pacting the spent shales may achieve close to 
| zero infiltration rates which could be impor- 
tant for reducing the leaching of salts into the 
/ ground water. Compaction is more desirable 
for spent shales deep in the pile, beyond the 
plant rooting zone; uncompacted materials 
may be preferable near the surface directly 
under the topsoil layer. 


Erosion Control 


Because small particle size encourages 
erosion, erosion control is needed to prevent 
sediments and toxic elements from entering 
the aquatic ecosystems downstream, or the 
increase of dust in the air. Additionally, ero- 
- sion removes the surface layers that encour- 
age plant growth, which take time to develop. 


The steepness of the slopes, their length, 
the drainage provided, control structures, the 
density of vegetation on the slopes, and the 
types of spoils and soil materials on the site 
will affect the extent of erosion. Mulching, 
surface manipulation, and the timing of top- 
soil placement, followed by the immediate es- 
tablishment of vegetation, will usually reduce 
erosion rates.® Flatter or shorter slopes will 
also aid in erosion control. The recommended 
design slope of 4:1 (horizontal:vertical) with 
_ 20-ft benches every 50 ft of vertical rise is 
considered prudent and necessary. A slope of 


3:1 was found to be the maximum allowable 
for slope stability.%° 


Water diversion and sediment and drain- 
age catchments are proposed to collect mate- 
rials washing offsite in order to prevent their 
entering the aquatic ecosystem. It is likely 
that sediment basins will require long-term 
maintenance to prevent their filling up and 
releasing toxic substances. 


Furrowing, pitting, and gouging are other 
useful methods of surface manipulation. Shal- 
low furrowing on the contour cuts down on 
erosion losses. Pitting and gouging not only 
control erosion but also act as a moisture col- 
lector.” They are particularly useful in dry 
areas and where vegetation is dependent on 
snowmelt. A variation of gouging is accom- 
plished by using a land imprinting machine.” 
On soil-covered processed shales, the depth 
of the depressions will be determined by the 
thickness of the soil cover necessary to pre- 
vent the processed shale from being exposed. 


Mulches of various types have been used 
both to establish vegetation and to reduce the 
temperature of the soil surface.°* Hydro- 
mulch, applied at a rate of 1,500 lb/acre is 
one that is preferred in some studies.'° How- 
ever, it is expensive and, in some cases, has 
been reported to provide little beneficial ef- 
fect on already established stands.'" A 
cheaper natural mulch applied at a rate of 
3,000 lb/acre,'” such as native hay or straw, 
is more likely to be used, but it must be taken 
from a certified weed-free field to prevent in- 
troducing weedy species. It is uncertain that 
sufficient mulch will be available, especially 
weed-free hay, for an oil shale industry of 1 
million bbl/d within 10 years. 


Straw or hay mulches often need to be sta- 
bilized by the addition of emulsified asphalt 
(300 gal/acre),’® or by crimping into the soil. 
Rock mulches have been found to be superior 
to barley straw with respect to plant survival 
and growth.™ Excelsior type materials, are 
also very effective, but they are costly and at- 
tract rodents.’ 


334 ¢ An Assessment of Oil Shale Technologies 


Cementation 


Processed shales retorted at high temper- 
atures and then moistened harden within 
about 3 days in a reaction similar to that 
which takes place in cement.'® The product of 
spent shale cementation is still susceptible to 
weathering, and the reaction generally takes 
place deeper in the waste pile where the 
process is accelerated by compaction, heat, 
and high pressure. If shale hardened by this 
process were to be exposed by erosion, it 
might prove to be impenetrable to moisture 
and plant roots. 


Alkalinity 


Processed shales retorted at temperatures 
of about 500° C (900° F) are less alkaline (pHs 
ranging from 8 to 9%), than those retorted at 
750° to 800° GC (1,400° to 1,500° F) (pHs of 11 
to 12). In general, the higher the alkinity of its 
leachates, the lower the concentrations of 
soluble salts in the processed shale. At higher 
pHs many plant nutrients are insoluble, and 
plants will generally not grow in a strongly al- 
kaline soil medium. 


If processed shales are to be used directly 
as a growth medium, their alkalinity must be 
reduced. This can be done by leaching follow- 
ing deposition and proper compaction, or by 
adding costly acids or acid-formers.'” Expo- 
sure to the atmosphere over a period of sever- 
al months to several years will reduce it natu- 
rally. 


Nutrient Deficiencies 


Spent shales have been shown to be highly 
deficient in the forms of nitrogen and phos- 
phorous available to plants.’ Therefore ni- 
trogen and phosphorus fertilizers need to be 
added. These can be applied at any time of 
year but spring fertilization has been recom- 
mended to prevent burning and to reduce fer- 
tilizing weedy species.’ It will probably be 
necessary to fertilize with nitrogen for sev- 
eral years until the ecosystem begins to fix 
and recycle its own nitrogen.!”° 


*pH is a means of expressing acidity or basicity. It ranges 
from 1, highly acidic through 7, neutral, to 14, highly alkaline. 


Another means of assisting plants to sur- 
vive in nutrient-deficient soils is by inocu- 
lating them with selected strains of fungi that 
produce mycorrhizae. Mycorrhizae are struc- 
tures that combine the plant root and a fun- 
gus to increase the survival and growth of 
plants in nutrient-deficient soils by increasing 
nutrient uptake and resistance to a variety of 
stresses. 


Free-living soil microbes are expected to 
begin recolonization of the disturbed area. 
They will be valuable in fixing nitrogen from 
the atmosphere and recycling organic forms. 
How soon this will begin is not known. It is 
known, however, that wetting and drying 


-stored topsoil deteriorates the conditions fa- 


vorable to such microbes. For this reason, 
prior to use topsoil should be deeply buried to 
prevent the wetting and drying that occurs 
near the surface." 


Plant species used to reclaim spent shales 
possibly will require inoculation with mycor- 
rhizal fungi to enhance their growth and sur- 
vival.'"? Colonizing species on disturbed lands 
are often nonmycorrhizal.'" It has also been 
found that with increasing soil disturbance or 
the addition of processed shale, the ability of 
the soil to be infected with mycorrhizal fungi 
decreases. The most successful revegetation 
species become mychorrhizal only late in 
their establishment. There appears to be no 
significant effect of the seed mixture, the fer- 
tilizer, the mulch, or irrigation on a soil’s po- 
tential for mycorrhizal infection following its 
disturbance." 


Salinity 


Because spent shales are often quite salty, 
they present major problems for establishing 
vegetation, and for the water quality from 
surface runoff or drainage through them. 115-120 
High concentrations of salt in the soil media 
restrict water and nutrient uptake.* These 
can only be lowered by leaching with supple- 
mental water. 


*Electrical conductivity is a measure of a soil’s salinity. A 
conductivity of 4 mmho/cm is considered saline, and above 12 
mmho/cm, highly saline. , 
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Leaching 


Depending on the characteristics of the 
spent shales, about 5 acre-ft of water per 
acre will be needed for leaching and plant 
growth.'” This is based on a net requirement 
of 48 inches of leaching water and an 80-per- 
cent irrigation efficiency. The actual supple- 
mental water needed will vary with annual 
precipitation, evaluation, and aspect. To en- 
sure adequate infiltration and to prevent ero- 
sion, it should be continually applied at low 
rates (e.g., 2 to 3 cm/hr) and in a spray form. 
Leaching will probably not be uniform over 
the entire surface, therefore surface monitor- 
ing and additional localized leaching may be 
needed. 


Toxicity 


High concentrations of boron in spent shale 
can be toxic to plants. On the other hand, the 
elements molybdenum, selenium, arsenic, 
and fluorine (also found in shale) are general- 
ly not toxic to plants. However, when these 
elements are taken up by plants, they can be- 
come toxic to grazing animals. Susceptibility 
to such toxicity varies among animal species 
as well as within a species. It is dependent on 
the concentration of the elements within the 
plant, the size of the animal, its daily diet, and 
its general physiological condition. The condi- 
tions that encourage the uptake of these ele- 
ments by plants, and their resulting toxicity 
in animals are complicated and poorly under- 
stood. Proper management should help to 
avoid or alleviate the problems with livestock. 
This can be achieved by restricting livestock 
grazing to seasons when the elements are 
present at low concentration in the plants, by 
varying the mix of plant species to be used in 
the grazing areas, and by feeding seques- 
tering supplements to reduce the toxicity of 
the elements. The management of wildlife, 
however, is very difficult and problems will 
persist in this realm. 


The dominant soluble ions in spent shale 
are sodium and sulfate, with abundant calci- 
um, magnesium, and bicarbonate also pres- 
ent. Of the trace elements identified in proc- 


essed shale leachates, selenium and arsenic 
are not cause for concern, but fluorine, 
boron, and molybdenum are more serious.'” 
Plants grown on processed oil shales and soil- 
covered processed shales in northwestern 
Colorado have been found higher in molyb- 
denum and boron than plants grown in ordi- 
nary soil, although their selenium, arsenic, 
and fluorine contents were moderate.’ 


Excessive Heat 


The color of the processed shale reflects 
the amount of residual carbon on the retorted 
particles. Black and gray processed shales 
are produced by low- and high-temperature 
processes, respectively. The color influences 
the surface temperatures of the plant growth 
media which, in turn, affects seed germina- 
tion and the plant-water relationship. The 
dark-colored material warms up earlier in 
the spring, inhibits seed germination more, 
and creates drier soils than does lighter col- 
ored processed shale. Temperatures of up to 
78° C (196° F) have been reported for the 
TOSCO II material.'**'% The color can be 
modified to a certain extent by the use of sur- 
face mulches or a covering of topsoil-like ma- 
terial, which reduces many of the salinity and 
alkalinity problems as well as the need for 
supplemental water. 


Another temperature problem encountered 
in the massive disposal of spent shales is that 
the processed shales will probably go into the 
disposal pile at temperatures in excess of 40° 
C (98° F). This will create a heat reservoir. It 
is not known how long it will take to cool. If a 
spent shale pile is warmer than normal soils 
within the area, the site would be drier than 
expected because of the increased potential 
for evapotranspiration. 


Use of Topsoil as a Spent Shale Cover 


An alternative to revegetating directly on 
spent shale is the establishment of vegetation 
on a cover of topsoil or topsoil-like over- 
burden material placed over the spent shale. 
Such a soil cover offers several advantages. 
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Because it does not have the problems of high 
salinity and alkalinity, no supplemental water 
is required for leaching. The material is a 
more suitable medium for plant growth be- 
cause it has greater water-holding capacity, 
more nutrients, and promotes a more intimate 
relation with plant roots. 


Economics and a possible lack of longevity 
are the primary disadvantages of using a soil 
cover. Additional costs would be incurred for 
segregating suitable materials from those 
with undesirable properties, for transporting 
and storing materials, and for surfacing over 
the spent shales. In time, the natural geologi- 
cal process of erosion may eventually cut 
through the soil cover and expose the spent 
shale. An artificial soil profile using over- 
burden materials between the topsoil and the 
spent shale would greatly reduce, if not elimi- 
nate, the problem. With proper management 
most erosion should be localized. However, 
with improper management such as overgraz- 
ing, reductions in vegetative cover could oc- 
cur that would allow larger areas to be ex- 
posed. If erosion were gradual over a few 
hundred years, the vegetation possibly would 
adapt to the thinning soil cover, and natural 
leaching and weathering could render the 
spent shale a more suitable growth medium. 
Despite these disadvantages, the use of a soil 
cover will provide for the more rapid estab- 
lishment of a vegetative cover that will per- 
sist longer than would vegetation established 
directly on spent shale. 

The depth of the soil cover needed will vary 
from site to site, but will generally range from 
1 to several ft in thickness.'” 1° Soil surveys 
of the Piceance basin indicate that sufficient 
soil and soil-like material exists in the dispos- 
al sites, particularly those with deep alluviai 
deposits, and this should provide adequate 
cover material. 


The selection of topsoil or topsoil-like over- 
burdens will have to be based on chemical 
and physical analyses. This is important be- 
cause the soil types and their toxicities vary. 
The treatment of the soil cover will be similar 
to the treatments of soil used for the reclama- 
tion of surface-mined coal areas, about which 
there is more knowledge.’ Soil surveys of the 


basins will also be useful in deciding what 
materials to use. It is doubtful that the capil- 
lary rise of salts will be a problem unless soils 
are continually exposed to saturated condi- 
tions. This might happen if improper engi- 
neering of the disposal site created seeps or 
allowed ponding. 


Species Selection and Plant Materials 


The selection of plant materials to be used 
in reclaiming processed shale is determined 
by several factors, the most important of 
which is species adaptability. Adaptability 
(suitability) is intimately tied to the ability of a 
plant to complete its entire lifecycle, and to 
reproduce itself from year to year over a long 
period. The plant’s growth form, drought re- 
sistance or tolerance to stress, mineral nutri- 
tion requirement, and reproduction charac- 
teristics must all be considered. In addition to 
being adapted to the growth medium, plants 
must also be adapted to local temperatures, 
elevation, slope, aspect, and wind conditions. 
They should be able to survive the weeds and 
animals that may invade the site. Palatability 
to livestock and wildlife as well as availabili- 
ty of seed and competition among species 
being planted are also important factors. 


In addition to the results of actual revege- 
tation test plots, several information sources 
and guides are available to assist in the selec- 
tion of species adapted to conditions likely to 
be encountered in oil shale reclamation. 13°-134 
These include the Plant Information Network 
computerized data bank located at Colorado 
State University. '* 


In general, mixtures of various grasses, 
forbs, shrubs, and in some cases trees, are 
desirable because they offer a greater range 
of adaptation.'** Mixtures may include spe- 
cies adapted to each of the different microcli- 


- mates, moisture levels, and soils. The results 


of using a well-planned mixture can be a fast- 
establishing, long-term cover that is less vul- 
nerable to pests, disease, drought, and frost. 


Recommended mixtures used in test plots 
may include both indigenous (native) and in- 
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troduced perennial species. In one study, a 
mixture of native and introduced species dis- 
played the highest productivity and allowed 
the least amount of invasions by weeds.'” Al- 
though a mixture of non-native species had a 
higher plant density, it also allowed the great- 
est invasion of weeds.'*® Weeds are undesir- 
able in that most are annuals (complete their 
lifecycle in 1 year) dependent on precipita- 
tion; they are therefore an unreliable erosion 
control. They also compete with the more de- 
sirable perennial species (species that persist 
for several years) for water and nutrients. 
These annuals are expected to disappear 
with natural succession over a few years. 


Species selection is complex and involves, 
in addition to considerations of the species 
itself, a tradeoff among many interacting fac- 
tors.'° These include: Federal, State, and lo- 
cal reclamation requirements; rehabilitation 
and land use objectives; the nature of the site; 
the timing of the program; species compatibil- 
ity; mechanical limitations in planting; seed 
and seedling availability; maintenance after 
planting; and cost. 


Seeds 


Planting seed by drilling or broadcasting is 
a common way of establishing vegetation in a 
reclamation plan. Seed is available commer- 
cially from collectors and seed companies.’” 
While many commonly used seeds are availa- 
ble from dealers under contract, procedures 
for cultivating wildland plants for seed pro- 
duction have generally not been developed. 
Also, certain varieties of the native plant 
species may not be available from commer- 
cial sources. Until reliable seed production 
techniques are developed (which may require 
up to 10 years), seeds for propagating native 
plants will generally have to be collected 
from wildland populations. This may be a 
problem for a large oil shale industry, since 
seed production from wildland populations 
can be unpredictable from year to year; some 
native species produce abundant seed crops 
only in years when conditions are especially 
favorable. 


Seeding is best done in late fall or early 
spring when soil moisture is high, although 
the operation of seeding equipment in the 
spring may be hampered by wet soil condi- 
tions.'*! Seeding rates may vary from 10 to 30 
Ib of pure live seed per acre depending on 
slope and whether the seed is broadcast or 
drilled. Drier exposures and broadcast tech- 
niques require more seed. 


Another problem in propagating plants 
from seed is dormancy of seed. Extensive 
treatment of the seed may be required in 
order to overcome it. For these reasons, vege- 
tative propagation is a necessary alternative 
to seed propagation for producing planting 
stock of native species. 


Containerized Plants 


Container-grown plants have been success- 
fully used in several oil shale revegetation 
studies.'42144 They offer several advantages 
over seed:'* 


e they make efficient use of scarce seed or 
seeds especially adapted for harsh sites, 

e plant survival and growth are optimized 
by rapid root growth into the surround- 
ing soil, 

e well-developed plants are generally able 
to withstand grazing or other stresses, 
and 

e they can be inoculated with fungi just be- 
fore seeding to ensure the development 
of mycorrhizae. 


Container-grown plants can be hardened to 
the fluctuating and more extreme environ- 
mental conditions they will encounter at the 
revegetation site by gradually exposing them 
to drier conditions and greater temperature 
extremes. The higher cost of container-grown 
stocks is offset by their better survival rate.'*° 
They are recommended for fall or early 
spring planting on harsh sites where estab- 
lishment of seeds may be difficult or impossi- 
ble due to erratic or low precipitation or 
other environmental stresses. Bare root stock 
is another alternative, but can only be used 
with sufficient soil moisture to ensure good 
root penetration into the growth medium.” 
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Timing of Reclamation 


Initiation of revegetation efforts will be 
delayed during the first 3 to 10 years of 
operation until sufficient waste materials 
have been compacted and require further 
stabilization. Disposal will likely begin at one 
end of a canyon and fill up in strips rather 
than gradually filling the entire canyon. This 
will allow early stabilization of narrow strips 
of land thereby minimizing the size of active 
disturbance. 


Once revegetation begins, reclamation 
needs will gradually increase as portions of 
disposal sites are prepared for planting. At 
full production, reclamation needs would de- 
pend on processing rates and method of dis- 
posal. (See table 69.) 


Complete filling of canyon disposal sites 
may take up to 30 years or more depending on 
processing rates and the sites’ disposal ca- 
pacities. Early revegetation of narrow strips 
will permit the evaluation of reclamation 
techniques, and allow for any modifications 
that may be needed during subsequent reveg- 
etation efforts. 


Cost of Reclamation 


Estimates of average reclamation costs 
range from $4,000 to $10,000/acre depending 
on the site conditions and the land use to be 
achieved. If disposal is completely on the sur- 
face, this represents only about 1.4 to 4.4 
cents/bbl of shale oil for a 50,000-bbl/d oper- 
ation. 


Protection of the Reclaimed Site 


The reclaimed areas should be protected 
by proper management and monitoring to en- 
sure that stability is maintained. Protection 
will be needed whenever the vegetation on 
the site may be threatened by livestock 
(including feral horses), wildlife, invading 
weeds, or human activity. This can be done 
largely by controlling the degree of use. 


The impact of livestock use on the erosion 
of revegetated spent shale is unknown; it is 
possible that erosion of the finer processed 
shales on steep slopes could be substantial. 
Erosion from livestock use on soil-covered 
shales would be less of a problem. This as- 


Table 69.—Estimates of Reclamation Needs Under Various Levels of Shale Oil Production 


Production level (bbI/day) 


50,000 50,000° 100,000 250,000 1,000,000 
Required annual disposal area (acres)° 
69.8 - 79.6 2029 201.8 138 - 159 344 - 398 1,378 - 1,592 


Water requirements 
(S.acre-it//acre)h: seas oe 
Fertilizer 
Nitrogen (80 Ib/acre)...... 
Phosphorus (80 Ib/acre)... . 
Seed (30 |b pure live 


349-398 acre-ft/yr 140-159 acre-ft/yr 


5,584-6, 368 Ib/yr 
5,584-6, 368 Ib/yr 


2,232-2,544 |b/yr 
2,232-2,544 |b/yr 


SCCO/aCre) amar ee See er 2,094-2,388 Ib 837-954 Ib 
Containerized plants 
(SUO/ACTE) aati aay ait an beck, 20,940-23,880 pits/yr  8,370-9,540 pits/yr 
Mulch 
Wood fiber (1,500 
IbAacre ates iA, Ae 104,700-119,400 Ib/yr 41,850-47,700 Ib/yr 
straw (3,000 Ib/acre)...... 209, 400-238, 800 Ib/yr 83,700-95,400 
w/asphalt binder (300 
Gal/aCKe)\: ais sera ae eee: 20,940-23,880 gal/yr  8,370-9,540 gal/yr 


690-795 acre-ft/yr 


11,040-12,720 Ib/yr 
11,040-12,720 Ib/yr 


4,140-4,770 Ib 
41,400-47,700 pits/yr 
207,000-238,500 Ib/yr 
414,000-477,000 |b/yr 1,032,000-1,194,000 Ib/yr  4,134,000-4,776,000 Ib/yr 


41,400-47,700 gal/yr 


1,720-1,990 acre-ft/yr 6,890-7,960 acre-ft/yr 


27,520-31,840 Ib/yr 
27,520-31,840 Ib/yr 


110,240-127,360 Ib/yr 
110,240-127,360 Ib/yr 
10,320-11,940 Ib 41,340-47,760 Ib 


103,200-119,400 pits/yr 413,400-477,600 pits/yr 


516,000-597,000 Ib/yr 2,067,000-2,388 ,000 Ib/yr 


103,200-119,400 gal/yr 413,400-477,600 gal/yr 


All numbers are approximate. Actual needs will vary with aridity of the site (elevation, slope, and aspect), adapted plant species selected, and soil amendments required. 


Dassumes 60-percent disposal in underground mine workings. 


assumes disposal pile 45.7 meters (150 ft) deep. Acreage estimates were based on Pollution Contro! Guidance for Oil Shale Development, Environmental Protection Agency, Cincinnati Ohio, July 1978, p. 


3-68. 


SOURCE: Plant Resources Institute, The Reclamation of Processed Oil Shale, prepared for OTA, January 1980. 


pect of postmining land use will require care- 
ful monitoring. Indirect methods for protect- 
_ing a site against livestock include adding less 
palatable species to the seed mixture, pro- 
viding salt blocks and permanent water sup- 


| plies away from the seeded areas, controlling 
| livestock numbers, herding, fencing, and, if 
| necessary, repellants.'* 
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Photo credit: OTA staff 


Reclaimed sites will have to be protected from wildlife 


Protection against wildlife will also be re- 
quired. This includes large herbivores as well 
as small burrowing animals such as pocket 
gophers that can be expected to move into the 
revegetated area. If not controlled, over- 
utilization of vegetation may occur and toxic 
compounds may be brought to the surface by 
burrowing animals.‘ 


Monitoring and subsequent management 
must also ensure that refertilization, seeding, 
and additional control of erosion or weeds, 
are provided if necessary. Similarly, monitor- 
ing plant succession, productivity, and uti- 
lization should all be included in the reclama- 
tion management plan.'” 


Review of Selected Research to Date 


Research undertaken on the topic of oil 
shale reclamation falls into two categories: 
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e baseline studies that describe the eco- 
logical characteristics of the existing en- 
vironment in the oil shale basins, and 

e characterization studies of processed 
shale and the testing of reclamation 
methods. 


Data from both types of research are needed 
in designing, directing, and assessing past 
and future reclamation studies. 


Baseline Studies 


A general description of the vegetation of 
the oil shale basins can be found in chapter 4. 
Additional descriptions that contribute to the 
baseline data are available for Federal lands 
from BLM’s Unit Resource Analysis‘®' and 
Management Framework Plans.'* More spe- 
cific vegetation inventories have also been 
made for site-specific areas within these 
basins such as transmission and pipeline cor- 
ridors. Land classification systems have also 
been developed for the Piceance basin.'™ ‘4 
Eighteen phyto-edaphic units (plant-soil units) 
were identified.’ The description of each 
unit provides information on soil, vegetation, 
climate, aspect, and landform interpretations 
and hazards of land use. A section on rec- 
lamation considerations is provided to iden- 
tify the most hazardous characteristics of the 
unit (e.g., the potential for erosion and slump- 
ing) that need special attention and care, par- 
ticularly after disturbance as a result of oil 
shale development. Management recommen- 
dations and alternatives are supplied to over- 
come the identified limitations. 


Other information on plant community re- 
lationships (phytosociology) is currently being 
gathered by Colorado State University for the 
Piceance basin. This will help the land man- 
agers and reclamation specialists to select 
the proper species to be used in reclamation. 
Such studies are lacking for the basins in 
Wyoming and Utah, and few physiological 
studies have been conducted with existing 
plant species at the proposed disposal sites or 
with plant materials to be used in reclama- 
tion to determine their tolerance limits to the 
various adverse conditions likely to be en- 
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countered. Little is known about the natural 
genetic differences that exist in native plant 
communities. These might make the plants 
more or less adaptable to adverse environ- 
mental conditions encountered in oil shale 
reclamation. 


Reclamation Studies 


Investigations to determine the manage- 
ment needed to produce conditions favorable 
to the establishment and growth of plants on 
processed shales were initiated by private in- 
dustry in the mid-1960’s.'** These were based 
on previous knowledge developed by range 
managers, biologists, and numerous arid and 
semiarid studies, as well as other baseline in- 
formation from the oil shale basins. 


Where possible, the sites for reclamation 
tests have been selected to simulate, as close- 
ly as possible, the environmental conditions 
to be encountered during the reclamation of 
disposal sites used for large-scale production. 
Sites have been selected in high- and low- 
rainfall areas, with various combinations of 
slope, aspect, and processed shale materials. 
However, most revegetation experiments 
have been hampered by a lack of processed 
shale. This shortage, coupled with the high 
costs of transporting retorted shales to field 
sites (in some cases from as far away as 
California), have restricted both the size of 
the test plots (2 to 5,000 ft?), and the type of 
processed shale evaluated. 


To date, field studies using spent oil shales 
as plant growth media have centered on the 
TOSCO II, Union *“‘A”’ and “‘B,’’ and Paraho 
materials.'*”"® These studies show that with 
intensive treatments plant growth can be es- 
tablished directly on spent shales, although 
use of a soil cover is more successful. 


It is difficult to compare the results of 
revegetation studies with the various proc- 
essed shales because the experimental de- 
signs varied so widely. Different plant spe- 
cies were used, and fertilizer, mulch, slope, 
aspect, and soil cover also varied. Most of the 
early (1965 to 1973) revegetation studies for 
Colony used spent shale from the TOSCO II 


process.'* During these studies the basic 
chemical data needed to design a reclamation 
program were incorporated into greenhouse 
and small field plots (100 ft?). Revegetation 
work on other processed shales, all of which 
are coarser, had been confined to Union Oil 
plots planted in 1966 and Colorado State Uni- 
versity plots planted in 1973. In the late 
1960’s and early 1970’s, larger field plots 
(4,000 ft?) were built using many of the results 
of the earlier experiments, including the ef- 
fects of soil supplements such as fertilizer 
and organic matter. 


Since the early 1970’s, studies have been | 
conducted on disturbed soils without proc- | 
essed shales to determine the establishment | 


of plant species, microbial activity, and long- 
term successional trends. These studies were 
encouraged by the finding that the revegeta- 


tion of soil-covered processed shales was | 
more successful than revegetation directly on | 
processed shales. This was because the soil | 


cover does not have the adverse chemical and 


physical properties of processed shale that 


inhibit plant growth. 


Supplemental water has been used to es- 


tablish plants in most of the processed shale 


revegetation studies. The addition of 10 to | 


13 inches of water during the first growing 


season with no subsequent irrigation has | 
resulted in the establishment of a vegeta- | 
tive stand and the persistence of adapted | 


species for several years. The salt leaching 


requirement (5 acre-ft of water per acre) is in | 


addition to this supplemental water. Only 


limited success in seeding and transplanting | 
into spent shale without supplementary wa- | 
ter has been reported.'** However, establish- | 
ment without supplemental water might be | 


achieved by mulching with straw or hay and 


allowing salts to be leached by natural pre- | 


cipitation prior to seeding or planting, al- 


though the time period required for this could | 
be unreasonable. Micro-watersheds consist- || 


ing of low-level diversion barriers. or 


mounded spent shale have also been pro- | 
posed and initiated to concentrate water for || 


plant growth.'® 


Several researchers have worked on the 
problems of leaching soluble salts from the 
processed shales and the surface stability of 
several retorted shales including TOSCO 
‘JI.%72 It appears unlikely that salts will 
migrate to the surface by capillary rise in 
most areas of low precipitation. Only in areas 
where soils were saturated by supplemental 
water was there temporary resalinization of 
surface layers. When the supplemental wa- 
ter was discontinued, surface salinity began 
to drop due to leaching from natural precip- 
itation. From these studies a better under- 
standing has developed of solutions to the 
problem of establishing a_ self-sustaining 
- vegetative cover. 


Several studies are continuing, and a new 
successional study has been initiated'” to 
evaluate the long-term feasibility of using 
processed shales directly as plant growth 
media and the influence of various depths of 
soil cover over spent shale. It has been set up 
in the Piceance basin to obtain information 
related to the reseeding of disturbed areas in 
order to reestablish a diverse, functional 
ecosystem in as short a time as possible. 
Various seed mixtures, ecotypic varieties of 
native species, microbial activities, seeding 
techniques, fertilizer levels, irrigation, and 
mulching treatments are being evaluated. In 
addition, the rate and direction of plant suc- 
cession is being monitored to identify signifi- 
cant trends in vegetation changes, and to de- 
termine how these trends are influenced by 
the various treatments and practices.'” 


Few studies have been conducted on raw 
shale. This is because in the past it has been 
assumed that most raw shale of commercial 
quality will be retorted. Additionally, the raw 
oil shales are hard and resilient. When 
mined, the shale fractures into coarse frag- 
ments that have extremely low water-holding 
capacities, which renders them undesirable 
growth media. For these reasons, it is likely 
that raw shale of noncommercial quality 
would be buried deeper in the disposal piles 
and not used as a growth medium. 
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Summary of Issues and R&D Needs 


Research to date has shown that with in- 
tensive management vegetation can be estab- 
lished directly on processed oil shales. The 
primary requirements are the leaching of 
high levels of soluble salts with supplemental 
water, the addition of nitrogen and phos- 
phorus fertilizers, and the use of adapted 
plant species. However, the establishment of 
vegetation on spent shales covered with at 
least 1 ft of soil is preferred because it is less 
susceptible to erosion and does not require as 
much supplemental water and fertilizer. 
Adapted plant species are required for either 
soil-covered or spent shales. 


The long-term stability and the self-sus- 
taining character of the vegetation is un- 
known, but if sufficient topsoil is applied the 
results of research on small plots indicates 
that short-term stability of a few decades ap- 
pears likely. Monitoring and subsequent man- 
agement must ensure that any necessary re- 
fertilization, seeding, and erosion and weed 
control be provided. The reclamation man- 
agement plan must also include monitoring 
plant succession, productivity utilization, and 
the presence of high concentrations of ele- 
ments toxic to plants and animals. 


Whether or not the revegetation of spent 
shales is considered successful depends on 
the desired land use and the performance 
standards applied to measure the success. 
For example, the reestablishment of vegeta- 
tion that reduces erosion and is productive, 
self-sustaining, and compatible with sur- 
rounding vegetation might be considered suc- 
cessful for livestock but not for wildlife use. 
The minimum requirements for vegetation 
should be to stabilize the disposal sites so that 
the detrimental effects caused by erosion can 
be minimized. Where ecologically feasible, 
multiple land use of disposal sites should be 
encouraged. 


Reclamation plans will have to be site spe- 
cific since environmental conditions vary 
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from site to site. Proper management will be 
required in all instances, if only to protect 
plant communities in surrounding areas from 
harm. Proper management is even more im- 
portant in the reclaimed areas. If the vege- 
tative cover were completely lost, the nega- 
tive effects would increase. The conditions 
would not be as severe as those without any 
reclamation because they would be reduced 
by restrictions in slope, catchment and diver- 
sion dams, and other mitigation completed in 
the early stages of reclamation. 


If revegetation completely failed, produc- 
tive land use would be severely reduced or 
eliminated. It is doubtful that, after once 
being reclaimed, conditions would deterio- 
rate to the point of eliminating all vegetation 
from a disposal site, although a natural suc- 
cession of species would occur that would 
favor those that had superior adaptability to 
the harsh conditions. Weedy or unpalatable 
species of less use to livestock and wildlife 
would undoubtedly invade the sites. 


The types of reclamation needs for a large- 
scale industry (1 million bbl/d) are similar to 
those generated for a small industry (50,000 
bbl/d), but differ in the amounts of materials 
that will be required and the rates at which 
they must be supplied. It is probable that 
shortages of adapted plant materials and as- 
sociated support materials (such as mulches 
and greenhouse facilities) would occur at the 
higher production rates. The problem is com- 
pounded by the fact that demands for plant 
materials are increasing from other mining 
operations such as coal and uranium. The 
severity of the shortages will depend on 
whether the oil shales are processed in situ or 
surface retorted, and whether the processed 
shales are disposed of underground or on the 
surface. Surface reclamation needs will be 
somewhat less demanding with MIS process- 
ing or with underground disposal of surface- 
retorted shales. 


Research on the reclamation of processed 
shales is continuing. Areas of major concern 
requiring additional study include: 


e the selection and propagation of species 
especially adapted to conditions likely to 


be encountered in the reclamation of the 
spent shales. This should include the 
identification of ecotypic variations, 
seed production by cultivating adapted 
wildland plants, and research to deter- 
mine species performance under abnor- 
mal conditions (e.g., drought, salinity, 
and high temperatures); 

e the role and use of soil microbes and 
mycorrhizal fungi in soil building and 
plant growth. Successful reclamation 
will depend on developing a protocol to 
select and/or maintain the essential 
mycorrhizal fungi in disturbed habitats 
or to develop methods to reinoculate 
these fungi in habitats where they are 
absent; 

e the plant succession for large areas of a 
few hundred acres in size under natural 
and disturbed conditions, including the 
influence of animals on revegetated sur- 
faces; 

e the toxicity of elements such as fluorine, 
boron, molybdenum, selenium, and arse- 
nic to plants and grazing animals. A pro- 
gram to monitor these elements should 
be established on newly reclaimed areas 
at least for the first few years; 

e the probable heat retention within the 
disposal pile and its effect on reclama- 
tion timing and revegetation; 

e the rates of erosion on large, reclaimed 
areas of a few hundred acres in size. In- 
formation is needed on how much water 
runs off the area following snowmelt in 
the spring and after high-intensity sum- 
mer storms, including how much sedi- 
ment and soluble salts will be contained 
in the water; and 

e the viability of vegetation on raw shale. 


Policy Options for the Reclamation of 
Processed Oil Shales 


For Increasing Available Information 


More information is desirable on reclama- 
tion methods and the selection of proper plant 
species for revegetation programs. Options 
for obtaining this information include the 


\ 
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evolution of existing R&D programs by the 
U.S. Department of Agriculture (USDA), EPA, 
and other agencies; the improved coordina- 
tion of R&D work by these agencies; increas- 
ing or redistributing appropriations to accel- 
erate reclamation and revegetation studies; 
and the passage of new legislation specifi- 
cally for evaluating the impacts of land dis- 
turbance. Mechanisms are similar to those 
discussed in the air quality section of this 
chapter. 


To Develop Reclamation Guidelines for Oil Shale 


SMCRA provides for comprehensive plan- 
ning and decisionmaking to manage disturbed 
land. However, in general, the reclamation 
standards promulgated under the act are 
only appropriate for coal, but not necessarily 
for oil shale. Thus, new reclamation guide- 
lines specifically for oil shale may be desir- 
able, with standards for postmining land uses 
that are ecologically and economically feasi- 
ble and consistent with public goals. If the 
Act were amended to encompass oil shale, 
Congress could direct that reclamation guide- 
lines be developed by DOI’s Office of Surface 
Mining, either alone or in conjunction with 
other agencies. Alternatively, Congress could 
pass new legislation calling for the prep- 
aration and implementation of reclamation 
guidelines for oil shale. 


To Expand the Production of Seeds and 
Plant Materials 


While many common seeds are available 
from commercial dealers, procedures for cul- 


tivating specific wildland plants for seed pro- 
duction have generally not been developed. 
Also, seeds of certain native plant species are 
not commercially available. 


A shortage of seeds could be a problem for 
a large oil shale industry. For example, the 
USDA’s plant materials centers often require 
up to 15 years to identify and develop 
adapted species for release to commercial 
suppliers or to industry for trial plantings. 
Furthermore, the centers intentionally limit 
their activities so that they will not compete 
with commercial producers. Thus, they have 
not developed mass production capabilities, 
nor have they adopted some of the more re- 
cent propagation technologies (such as micro- 
propagation, cutting, and fungal and bacteri- 
al inoculation) that are used commercially. In 
order to meet the future demands of a large 
oil shale industry, it may be necessary for the 
centers to expand their facilities and prop- 
agation capabilities. This could be costly in 
terms of facilities, technologies, and person- 
nel. Policy mechanisms for expanding cooper- 
ative agreements between the centers and 
commercial producers need to be developed. 
These activities would not only benefit oil 
shale, but also most other reclamation and 
arid and semiarid revegetation projects as 
well. 


Permitting 


Introduction 


During the past 10 years an increasingly 
complex permitting system has been devel- 
oped to assist the Federal, State, and local 
governments in protecting human health and 
welfare and the environment. Permits are the 
enforcement tool established by Congress and 


the States to determine whether a prospec- 
tive facility is able to meet specific require- 
ments under the law. The operation of an oil 
shale facility requires well over 100 permits 
and other regulatory documents from Feder- 
al, State, and local agencies. They include the 
permits for maintaining the environment and 
for protecting the health and safety of work- 
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ers, and in addition, those that would be 
needed for any industrial or commercial ac- 
tivity: building code permits, permits for the 
use of temporary trailers, sewage disposal 
permits, and others. Of these, a few—the ma- 
jor environmental ones—require substantial 
commitments of time and resources. The ma- 
jor environmental permits that must be ob- 
tained prior to the operation of an oil shale fa- 
cility are: 


e¢ a PSD permit required under the Clean 
Air Act; 

e an Air Contaminant Emissions permit re- 
quired by the State of Colorado; 

* a Special Primary Land Use permit— 
which is required for plant siting in Rio 
Blanco County; 

¢ a Mined Land Reclamation permit re- 
quired by the State of Colorado; 

e an NPDES permit required under the 
Clean Water Act; 

e a section 404 Dredge and Fill permit un- 
der the Clean Water Act if the operation 
affects navigable waters; 

e a Subsurface Disposal permit as re- 
quired by the State of Colorado if water 
is reinjected; 

¢ a permit for the disposal of solid wastes 
generated by the facility required under 
RGRA; 

e testing of effects, recordkeeping, report- 
ing, and conditions for the manufacture 
and handling of toxic substances as stip- 
ulated under TSCA; and 

e an EIS as required by the National Envi- 
ronmental Policy Act if an oil shale plant 
involves a major Federal action signifi- 
cantly affecting the environment. 


The responsibilities for reviewing and ap- 
proving applications are distributed among 
many Federal, State, and local agencies. Fed- 
eral agencies include EPA, the Department of 
the Treasury, DOI (including BLM and USGS), 
the Department of Defense (e.g., the Army 
Corps of Engineers), and the Interstate Com- 
merce Commission. State entities in Colorado 
include the Department of Health, the De- 
partment of Natural Resources, and the State 
Engineer. Because of varied and overlapping 


regulations and statutes it has often been dif- 
ficult to know which agency must be con- 
tacted, and which permits are required from 
which entity. 


The following discussion examines: 


e how various parties view the permitting 
process; 

e the current status of oil shale developers 
in obtaining the needed permits; 

e the time required for preparing and 
processing permit applications; 

e the disputes encountered so far in ob- 
taining such permits; 

e the potential difficulties that might be 
encountered by a developing oil shale in- 
dustry; and 

¢ possible policy responses to permitting 
issues. 


Perceptions of the Permitting Procedure 


The various parties interested in environ- 
mental permits for oil shale facilities have 
widely divergent views concerning the effec- 
tiveness and problems of the permitting pro- 
cedure. Industry is concerned about the 
length of time it takes to obtain permits and 
the uncertainty of obtaining them. The envi- 
ronmental community is watchful of the pro- 
cedure’s effectiveness in enforcing the law; 
and the regulators themselves are troubled 
by their limited personnel and budgetary re- 
sources. 


The high cost of oil shale projects makes 
unexpected delay costly, and industry is con- 
cerned with uncertain agency decision sched- 
ules or with unpredictable litigation that can 
delay or prevent project construction. Fur- 
thermore, some regulations and standards 
have not yet been set because of a lack of suf- 
ficient knowledge about the impacts of shale 
operations and the effectiveness of their con- 
trol. Developers are particularly worried 
about the effects of new regulations (such as 
for visibility maintenance as part of the PSD 
process) on process design and project eco- 
nomics. They are concerned that new regula- 
tions could necessitate costly retrofits to ex- 
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isting plants or even the cessation of opera- 
tions. For facilities under construction, the 
new regulatory requirements may mean rede- 
sign or addition of environmental control 
equipment or strategies. These uncertainties 
increase the risk that a project, once started, 
may not be completed. Prospective develop- 
ers also express their frustration over the 
lengthy and expensive procedures for prepar- 
ing permit applications (including monitoring 
and modeling requirements) to meet some en- 
vironmental statutes. This discontent is some- 
times compounded by overlapping agency 
jurisdictions and by repetitive paperwork. 


The environmental community asserts 
that, given the complexity of oil shale opera- 
tions, the extensive application and review 
procedures are necessary to fully assess envi- 
ronmental impacts, the effectiveness of con- 
trol measures, and compliance with environ- 
mental law. They suggest, in fact, that agency 
enforcement of environmental laws is too 
often compromised by weak regulations and 
by a lack of essential information on which 
both to base permitting decisions and to en- 
force the conditions of the permits. Informed, 
meaningful public involvement in the process- 
ing of environmental permits is therefore pro- 
-moted by environmental groups to ensure 
that all points of view are represented in 
agency proceedings. It is particularly impor- 

tant, these groups hold, that the technical 
analyses on which agency decisions depend 
are subjected to independent scrutiny. How- 
ever, they believe that adequate provisions 


are seldom made for public participation, and 
access is not provided to the information 
needed to evaluate the applications. They 
note that few agencies have an affirmative 
public involvement process. They find it is 
often difficult to follow and monitor agency 
decisionmaking. 


The regulators feel overwhelmed by the in- 
creasing number of permits and by the com- 
plexity of the review. They believe that their 
personnel and financial resources are too 
limited for the present caseloads and certain- 
ly will be dwarfed by any rapid increase in 
applications arising from an expanding ener- 
gy industry. EPA’s Region VIII, for example, 
includes not just the oil shale region, but most 
of the Western coal and uranium resources. 
Regulatory personnel also contend that they 
are handicapped by inadequate technical in- 
formation about the technologies that they 
must review and assess. 


Status of Permits Obtained by 
Oil Shale Developers 


The number of permits needed for a given 
facility depends on its site; on whether it in- 
volves Federal land; on the scale, type, and 
combination of processing technologies used; 
and on the duration of the operations. As 
stated previously, the permits range from 
those required for a temporary trailer to the 
major environmental permits required under 
Federal and State regulations and standards. 
Table 70 shows the status of the major per- 


Table 70.—Status of the Environmental Permits for Five Oil Shale Projects 


Regular open 


Project Type of tract EIS DDP approval PSD permit mining permit NPDES permit 
Rio Blanco ........ Federal lease tract _— Final programmatic Yes@ For 1,000 bbl/d Yes 1st phase 
C-a issued? 
Cathedral Bluffs... .. Federal lease tract Final programmatic Yes@ For 5,000 bbi/d Yes 1st phase 
5 issued4 
Long Ridge (Union) . . Private Not applicable Not applicable For 9,000 bbl/d Yes Not required? 
BeILOT Vedas lesteceysaas 1s vo Private® Not applicable Not applicable For 46,000 bbi/d Not yet applied Not required® 
BUDCKIO: «crew hie os Private/Federal4 Not applicable Not applicable Not yet applied Not yet applied Not yet applied 


4\ tigation proceeding over approval of the modified DOP. 
DThese operations do not plan to discharge to surface streams. 

Exchange of Federal land and pipeline right-of-way over BLM land requested. 
di and exchange requested. 


SOURCE: Office of Technology Assessment. 


63-898 0 - 80 - 23 
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mits obtained by five oil shale developers. 
These facilities are presently in different 
stages of commercial development. The Rio 
Blanco, Cathedral Bluffs, Colony, and Superi- 
or projects involve Federal land, while the 
Union project is located on private holdings. 
DDPs for tracts C-a and C-b had to be ap- 
proved by USGS because they are part of the 
Federal Prototype Oil Shale Leasing Program. 
Four of the projects have already been 
granted PSD permits for their facilities. Note, 
however, that with the exception of the Col- 
ony project, only small-scale, first-phase con- 
struction air emissions have been approved. 


All of the facilities have to obtain Mined 
Land Reclamation permits. Rio Blanco, Cathe- 
dral Bluffs, and Union have all been approved 
for commercial-scale modular operations. 
Colony and Superior have not yet applied. 
NPDES permits are required under the Clean 
Water Act if a plant discharges to a surface 
stream. So far Rio Blanco and Cathedral 
Bluffs have received such permits for the 
first phase of their commercial development. 


The Length of the Permitting Procedure 


The time required for preparing and proc- 
essing a permit application depends on the 
type of action being reviewed, the review pro- 
cedures stipulated under the law, the criteria 
used by agencies to judge the application, and 
the amount of public participation and con- 
troversy. If Federal land is involved, then an 
EIS will most likely be required. This process 
may take at least 9 months after the devel- 
oper applies for permission to proceed with 
the project.* Then the applications for the 
necessary construction and operation per- 
mits can be prepared and filed. In the case of 
the current Federal lease tracts, additional 
time was needed to prepare the DDPs for ap- 
proval by the Area Oil Shale Supervisor of 
USGS. 


Once the requirements for an EIS and DDP 
are satisified, obtaining all of the needed per- 


*The programmatic EIS for the Prototype Leasing Program 
took 4 years. Preparation of the draft EIS for the proposed Su- 
perior land exchange required 2 years. 


mits can take more than 2 years. The prep- 
aration and review of the PSD application is 
perhaps the most comprehensive and time- 
consuming step. Baseline air monitoring is re- 
quired, along with extensive dispersion mod- 
eling to estimate the effect of the plant’s emis- 
sions on the region’s air quality. Once this 
work is completed and an application sub- 
mitted to EPA, the approval process, as stipu- 
lated under the law, can take as long as 1 
year. However, EPA tries to rule on the appli- 
cation within 60 days, and to date an average 
of about 90 days has been required. (This in- 
cludes internal staff review and a period for 
public comment.) 


It should be noted that a project would not 
necessarily be delayed by the full length of 
the permitting schedule, because other prede- 
velopment activities such as detailed engi- 
neering design, contracting, and equipment 
procurement could proceed in parallel, if the 
developer were willing to accept the risk that 
key permits might eventually prove to be un- 
obtainable. 


Disputes Encountered in 
the Permitting Procedure 


The principal problems encountered to 
date are related to the needs of the regulatory 
agencies for technical information, to differ- 
ing interpretations of environmental law, } 
and, according to developers, to a lack of re- | 
sponsibility for timely action on the part of 
the agencies. 


Occidental’s application for a Subsurface 
Disposal permit for its sixth experimental 
MIS retort on its property near De Beque, 
Colo., was delayed for several months by the 
Colorado Water Quality Control Commis- | 
sion’s consideration. (The commission had not 
required permits for the first five retorts.) 
The commission was concerned about the po- 
tential for ground water contamination by the 
abandoned MIS retorts and was not satisfied 
with the evidence presented by Occidental 
that pollution would not occur. Additional | 
technical information was requested, and the | 
commission insisted on a cooperative environ- | 


mental monitoring and research program in- 
volving DOE, the State of Colorado, and sever- 
al universities. The dispute was resolved 
when Occidental agreed to the program and 
the investigators were given access to Oxy’s 
site for sampling and experiments. 


As work began on tracts C-a and C-b in late 
1977, soon after DOI approved the modified 
DDPs, a dispute arose among several environ- 

mental groups, permitting agencies, and the 
lessees over the timing of required permits. 
EPA initially informed the lessees that air 
quality and State mining and reclamation 
permits would not be required until the min- 
ing of actual in situ retorts began. The envi- 
ronmental groups maintained that construc- 
tion commenced with shaft-sinking and con- 


struction of the surface facilities needed for 


‘the MIS retorts. This work had already begun 


-and, according to the environmental groups, 


permits should have been in hand. They fur- 
ther contended that the interpretation of 
‘commencement of construction” used by the 
-agencies evolved during meetings that were 


/ not open to public participation. 


EPA’s recently appointed Regional Admin- 
istrator subsequently redefined ‘“‘commence- 
‘ment of construction’’ to mean collaring of 
‘the shaft, an early activity in shaft-sinking 
operations. However, the State reclamation 
agency maintained that the developers were 
not responsible for the previous interpreta- 
‘tion of the law. Therefore, operations could 
proceed. The State air pollution division post- 
poned the deadline for application submis- 
sion until the developers could submit the de- 
tailed engineering plans required for an emis- 
sions permit, but did not delay the construc- 
tion. EPA issued the permit in an expeditious 
Manner and work was not significantly de- 
layed. Because a clear precedent was estab- 
lished, it is unlikely that this dispute will arise 
again. It took several months to resolve, but 
activities on the tracts continued during this 
‘period. 


Finally, there has been protracted legal ac- 
‘tion between three environmental plaintiffs 
-and DOI and the lessees of tracts C-a and C-b 
‘over the need for an EIS prior to DOI’s ap- 
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proval of DDPs that were submitted by the 
lessees in 1976. This dispute has thus far not 
delayed construction on the tracts. It does, 
however, exemplify the type of uncertainty 
that, the developers maintain, discourages 
them from initiating oil shale projects. The 
plaintiffs claim that no statement to date has 
adequately analyzed the effects of these 
plans. Defendants believe that the 1973 pro- 
grammatic EIS appropriately evaluated the 
1976 plans and the alternatives to their ap- 
proval. The Federal district court agreed 
with the defendants. The case was heard by 
the 10th Circuit Court of Appeals which also 
ruled in favor of the defendants. 


Other than these disputes, there have been 
no substantial interruptions that could be 
directly related to permitting. The only 
lengthy application review period involved 
Colony Development Operation’s PSD air 
quality permit. EPA did not expedite its re- 
view of this permit because the applicant in- 
dicated it was still inactive, awaiting more 
favorable project economics. In addition, 1- 
year suspensions were requested in 1976 by 
the lessees of the Federal tracts partially 
because the baseline air quality conditions on 
the tracts exceeded the primary NAAQS for 
particulates and the guideline for HC. How- 
ever, the suspensions were granted for rea- 
sons not related to the permitting process. 


Unresolved Issues 


Although many precedents have been es- 
tablished, there remain unresolved issues 
that sustain a level of uncertainty that may 
discourage some developers from proceeding, 
whether on private or Federal land. These un- 
certainties may be more critical than those 
encountered thus far. Several regulations are 
still pending that may increase costs or force 
changes in the design of process facilities or 
control technologies. They may also add to 
the control requirements. The pending regu- 
lations include: 


e recordkeeping, reporting, and stipula- 
tions governing the manufacture and 
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handling of toxic substances as required 
under TSCA; 

e disposal practices and standards for sol- 
id waste under RCRA; 

e emission and ambient air standards for 
hazardous air pollutants under the 
Clean Air Act as amended; 

e visibility protection requirements for 
mandatory Class I areas under the Clean 
Air Act as amended; 

e possible application of the Safe Drinking 
Water Act to the brackish ground wa- 
ters of the Piceance Basin; and 

e possible application of SMCRA, or simi- 
lar Federal reclamation laws, to noncoal 
minerals. 


Some environmental groups maintain that 
the effects of development are so poorly un- 
derstood that development will entail signifi- 
cant risks. They believe that adequate regula- 
tions cannot be promulgated because knowl- 
edge is lacking about the severity of the risks 
and about the methods for their control. R&D 
and further experience with the industry’s 
operations may result in the implementation 
of new regulations that will further reduce 
the economic attractiveness of oil shale proj- 
ects. This, however, is an uncertainty which 
is inherent in any new industry. 


Another problem that may emerge is 
whether regulatory agencies will be able to 
handle the increasing load of permit applica- 
tions and enforcement duties. Budgets and 
personnel are limited, and the States in par- 
ticular have experienced difficulty finding 
and keeping competent technicians and pro- 
fessionals. Increased oil shale operations, 
coal mining, oil and gas development, coal- 
fired powerplants and synthetic fuel facil- 
ities, uranium mines and mills, and other min- 
eral development in the region will further 
tax their resources. The dissatisfaction ex- 
pressed to date may be insignificant com- 
pared to that which is likely as agencies be- 
come more overloaded. 


Attempts at Regulatory Simplification 


Several attempts are being made to simpli- 
fy regulatory procedures. A case in point is 
the action of EPA’s Region VIII office to 
streamline the PSD permit application pro- 
cess. The office evaluated its experience with 
processing such permits and found that in a 
few cases, there are long review times when 


the applicant was not in a hurry to obtain a © 


permit because the future of the project was 


uncertain. An example is the application for | 


the Colony project, which has been sus- 
pended for several years. In other instances, 
delays resulted when the agency was deluged 
by permit applications prior to the enactment 
of new, stricter regulations. An example is 
the situation that arose in 1978 when the 


older PSD regulations, which did not require | 


extensive baseline air quality monitoring, 
were replaced by new regulations that re- 
quired monitoring for a 1-year period. When 
this happens, the agency’s resources are 
overwhelmed and applications are delayed. 


Other delays resulted when applications | 


were incomplete (information was lacking) or 
when the information that was provided was 


deemed inadequate by the agency. The first | 
informational problem could be easily re- | 
duced by a quick review of the application for | 


completeness. The second is more difficult, 
because it involves scientific and technical 
judgment. It reflects, to an extent, the fact 
that the oil shale processes are new technolo- 
gies and their effects are not totally under- 
stood. Standardized procedures are not al- 
ways available for determining compliance 
with the law. This difficulty could be reduced 
by developing standard procedures wherever 


possible. This has been done already in some | 


areas of the PSD process where, for example, 
the developers are required to use standard| 
dispersion models authorized by EPA. 


The Region VIII office recently issued a pol- | 


icy statement that addresses its efforts to im- 
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prove the permitting procedures. A key ele- 
ment is designing a standard application that 
‘defines the specific data needs and recom- 
-mends procedures for obtaining the data. 
There is also an effort to educate developers 
in using the application by holding public 
workshops on the permitting procedure. Also, 
at the Federal level, one focus of the proposed 
Energy Mobilization Board is to expedite 
agency decisionmaking and reduce the im- 


studies have been conducted by EPA’s Region 
VIII office for the PSD process. The National 
Commission on Air Quality is conducting a 
more comprehensive evaluation of alterna- 
tive means for achieving the goals of the 
Clean Air Act with more manageable regula- 
tory procedures. Similar studies could be 
made of other laws and regulations. 


Increase the Resources of the 


pacts of new regulatory requirements that 
-may emerge after construction or operations 
begin. 


Regulatory Agencies 


Increasing the personnel and financial re- 
sources of the Federal regulatory agencies 
would allow them to improve their response 
capabilities. The agencies could also provide 
technical assistance to the State and local 
regulators to aid in their decisionmaking 
processes. However, a simple increase in 
agency funding, without a methodology for 
coordinating the expanded resources, would 
not guarantee that procedures would im- 
prove. 


The State of Colorado, with funding from 
| DOE, is designing and testing a permit review 
| procedure for major industrial facilities that 
_ will coordinate the reviews by Federal, State, 
_ and local regulatory agencies. The procedure 
is also planned to expand the public’s oppor- 
| tunities to become involved in all phases of 
project planning and review. It is being tested 
with a controversial molybdenum project 
_near Crested Butte, Colo. A handbook will be 
‘developed on completion of the test. This may 
_aid in applying similar methods to the permit- 
| ting process for oil shale plants.* 


Improve Coordination Among Agencies and 
Between Agencies and the Public 


The permitting process might be improved 
if coordinated reviews were conducted by the 
various agencies. This strategy would help to 
identify and reduce jurisdictional overlaps 
and to reduce personnel needs and paper- 
work loads. A major advantage would be the 
opportunity for sharing analytical responsi- 
bilties and results. The public hearings that 
are required for many separate permits could 
also be consolidated. The strategy could be 
patterned after the voluntary joint review 
processes that are being developed in Col- 
orado and other States. However, unless the 
approach were mandated, it is questionable 
that interagency cooperation would be sig- 
nificantly improved. 


Policy Options 


The policy options presented here range 
from working to better understand complex 
‘regulatory processes, through using the re- 
sults of such work to reduce the complexities, 
to waiving the laws or regulations. This range 
-encompasses actions over which there is little 
disagreement through those which involve ex- 
treme controversy. Few would argue that reg- 
-ulatory procedures could be improved, while 
“many would resist changes that could result 

in weakening environmental protections. 


Study the Causes of Permitting Delays 


Further study of the permitting procedure 
could help to identify and eliminate some of 
the causes of regulatory inefficiency. Such 


Another approach would involve the estab- 
lishment of a regional environmental monitor- 
ing system to determine baseline conditions 
within all areas to be affected by oil shale 
projects. The system could better character- 
ize baseline conditions than could individual, 
uncoordinated monitoring programs. It might 


*Colorado hopes this joint review process, which provides 
for concurrent rather serial review of applications, will also 
reduce the time needed for review. 
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reduce the duration and the cost of the ad- 
vance monitoring programs that are required 
of permit applicants. Site-specific measure- 
ments would still be required to characterize 
biological communities, soils, hydrology, and 
geology for projects involving Federal land. 
Baseline surveys could be conducted by Fed- 
eral agencies on potential lease tracts to 
shorten the time between a leasing decision 
and commercialization. The cost of the pro- 
gram could be included in the cost of the 
lease. Individual monitoring of stack emis- 
sions, water discharges, and reclamation ef- 
forts would also still be needed as the proj- 
ects proceeded. 


Improved coordination of public participa- 
tion might also shorten review time by reduc- 
ing controversy, political confrontation, and 
litigation. Procedures might include advance 
public notification of the status of permit ap- 
plications, the dissemination of technical in- 
formation and R&D results, and the more di- 
rect involvement of the public in an agency’s 
decisionmaking process through, for exam- 
ple, workshops and public meetings. It is pos- 
sible that increasing the public’s awareness 
of the characteristics of a project might lead 
to perceptions of greater risk. On the other 
hand, education could lessen nonproductive 
discussions and confrontations. In any case, 
it may be difficult to educate the public in the 
technical aspects that determine whether an 
application satisfies the standards. To main- 
tain a high level of participation, some inter- 
venor groups may seek financial and techni- 
cal assistance. This would be controversial, 
especially from the point of view of the devel- 
opers. 


Clarify the Regulations and 
the Permitting Procedure 


One option would be to expedite promulga- 
tion of standards for visibility and hazardous 
emissions under the Clean Air Act, and to set 
the as yet undefined NSPS for oil shale 
plants. Additional regulations could also be 
defined under RCRA, TSCA, and other laws. 
These actions would eliminate many of the 
regulatory uncertainties and would allow the 


developers to integrate controls for the new 
standards into their plant designs. If it is de- 
sired to reduce developer risks, new stand- 
ards should be firmly established and not 
subject to change for an extended period. 
This may not be appropriate, since early ex- 
perience with the industry may indicate a 
need to modify the standards to achieve the 
desired level of protection. In addition, they 
may be difficult to establish. Excessively lax 
standards would not adequately protect the 
environment; excessively strict ones might 
unnecessarily preclude development. These 
hazards are particularly applicable to setting 
NSPS. 


Another approach would be to simplify the 
permitting procedures themselves, based on | 
information from the investigations suggested 
under the first option. This would have the 
advantage of retaining the protection of the | 
existing laws while making it easier to comply 
with them. However, problems (such as the 
uncertain status of applications in progress) 
might arise during the transition from the old | 
regulatory system to the new. It is also often 
difficult to isolate the substance of environ- | 
mental protection laws from the implementa- | 
tion procedures. Any proposed changes in the 
procedures would need careful examination | 
ne the agencies, the developers, and the pub- 
iG? 


A third approach would be to establish de- | 
tailed, standardized specifications for permit 
applications. This would reduce the problem | 
of insufficient data being provided with the 
applications and the delays that would be | 
caused when agencies request the additional | 
information they feel is necessary for a thor- | 
ough review. Fully comprehensive standard- | 
ized forms are probably not possible, and | 
some interactions after an application is sub- | 
mitted will still be needed. 


A fourth option would be to have a mora- | 
torium on new regulations until some of the | 
actual effects of development are determined | 
on the Prototype Program lease tracts. (Moni- | 
toring of environmental effects and develop- 
ment of control techniques is one of the major | 


objectives of the Program.) A disadvantage is 
that the regulatory uncertainties would re- 
main. An advantage is that the regulations 
could be promulgated from a better knowl- 
edge base. 


Expedite the Permitting Procedure 


The proposed Energy Mobilization Board 
would expedite permitting by negotiating a 
project schedule with a developer and then 
enforcing the schedule by making regulatory 
decisions if the responsible agency does not 
do so within a specified period. Proponents of 
this strategy point out the advantages of a 
central authority that could provide a single 
point of contact between the developer and 
the regulatory system. Opponents feel that 
such an authority would add another layer of 
bureaucracy, would increase controversy 
over the projects that are expedited, and 
would ultimately not have substantial effects 
on permitting delays. 


Another method would be to limit the peri- 
od during which litigation can be initiated 
against a particular permitting action. This 
mechanism could be similar to that employed 
in the case of the Trans-Alaska oil pipeline. It 
would reduce the risk of agency actions being 
subjected to legal challenges that could jeop- 
ardize a project’s completion schedule. It 
_ should be noted, however, that legal mecha- 
nisms already exist in some specific laws to 
limit the period of litigation. The expediting 
strategy could extend this protection to most, 
if not all, of the relevant statutes. 
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Limit the Application of New Environmental Laws 
and Regulations 


Plants already under construction, or that 
are operating, could be exempted from the 
provisions of new environmental laws and 
regulations. This approach—‘‘grandfather- 
ing’’—is embodied in the legislation for the 
Energy Mobilization Board. It would remove 
many of the regulatory uncertainties. How- 
ever, it is surrounded with controversy be- 
cause new regulations might be needed to 
deal with problems that could not be discov- 
ered until after operations begin. Many of the 
present laws contain provisions to exempt ex- 
isting facilities from new requirements. 
These include either automatic exemption 
clauses or economic criteria against which 
the new regulatory requirements must be 
tested. 


Waiving Existing Environmental Laws 


This strategy would exempt a project from 
the provisions of some or all existing environ- 
mental laws and regulations that might delay 
or prevent its construction and operation. 
This measure would remove virtually all of 
the problems and delays associated with the 
permitting. However, it would have serious 
political, environmental, and social ramifica- 
tions since it could arbitrarily preempt envi- 
ronmental protection under the law. Further- 
more, the waivers might give an undeserved 
competitive advantage to the developers who 
received them. The allocation of the waivers 
would be highly controversial. The extent to 
which this action would speed the deploy- 
ment of the industry is unclear. 
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The oil shale deposits are located within 
the Upper Colorado River Basin, which in- 
cludes the Colorado River and its tributaries 
north of Lee Ferry, Ariz. These waters are 
critical resources in the semiarid region. 
They are used for municipal purposes, irri- 
gated agriculture, industry and mining, ener- 
gy development, and maintaining recreation- 
al, scenic, and ecological values. In the past, 
natural flows within the basin along with 
water storage and diversion projects have 
generally been adequate to satisfy demand. 
In the future, however, water resources may 
be taxed by rapid population growth, by ac- 
_celerated mineral-resource development, and 
by increased recreational activities. Even- 
tually, the availability of water may limit re- 
gional growth including the expansion of in- 
dustrial developments such as oil shale. 


This chapter analyzes the availability of 
water in the oil shale region. The following 
subjects are discussed: 


Surplus surface water will be available to supply 
an industry of at least 500,000 bbl/d through 2000 
nit: 


e additional reservoirs and pipelines are built; 
and 
e demand for other uses increases no faster than 
the States’ high growth rate projections; 
and 
e average virgin flows of the Colorado River do not 
decrease below the 1930-74 average (13.8 mil- 
lion acre-ft/yr). 


i 


Otherwise, surface water supplies would not be ade- 
“quate for this level of production unless other uses 
were curtailed, interstate and international delivery 
‘obligations as presently interpreted by the Govern- 


‘ment were not met, or other sources of water were 


; 
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e estimated water requirements for oil 
shale facilities and their related growth; 

e the surface water and ground water re- 
sources of the oil shale region; 

e the laws, compacts, treaties, and other 
documents that allocate the waters of 
the Colorado River system; 

e the appropriation doctrine of Colorado, 
Utah; and Wyoming for distributing 
water supplies within State boundaries; 

e the Federal reserved right doctrine; 

e the physical availability of surface 
water for oil shale development; 

e strategies and costs for utilizing water 
supplies; 

e the uncertainties affecting water re- 
source assessments; 

e the impacts of water use; 

e some methods for increasing water 
availability; and 

e the policy options that might be imple- 
mented to increase the availability of 
water. 


Summary of Findings 


developed. On the other hand, if the reservoirs and 
pipelines are built, flows do not decrease, and the 
region develops at a medium rate (which the States 
regard as more likely), there should be sufficient 
surplus water to support an industry of over 2 million 
bbl/d through 2000. 


In the longer term, surface water may not be ade- 
quate to sustain growth; surplus water availability is 
much less assured after 2000. If the river’s flows do 
not decrease, and if a low growth rate prevails, de- 
mand will exceed supply by 2027 even without an oil 
shale industry. With a medium growth rate, the sur- 
plus will disappear by 2013. A high growth rate will 
consume the surplus by 2007, again without any oil 
shale development. This is a potentially serious prob- 
lem for the region, and its implications for oil shale 
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development are controversial. On the one hand it is 
argued that there is no surplus surface water and 
this should preclude the establishment of an indus- 
try. On the other hand, it it maintained that the 
facilities in a major industry could function for much 
of their economic lifetimes without significantly in- 
terfering with other users, and in any case would use 
relatively little water. (A 1-million-bbI/d industry 
would accelerate the point of critical water shortage 
by about 3 years if only surface water were used.) 


Other findings are: 


e Depending on the process used, production of 
90,000 bbI/d of shale oil syncrude would con- 
sume 4,900 to 12,300 acre-ft/yr of water, in- 
cluding water for related municipal growth and 
power generation. 


e A million bbl/d industry would require about 
170,000 acre-ft/yr.* This would be about 1 
percent of the virgin flow of the Colorado River 
at the boundary of the Upper Basin, about 3 
percent of the water consumed at present by all 
users in the Upper Basin, and about 2 percent 
of projected consumption in 2000. 


e Potential oil shale developers already own rights 
to substantial quantities of surface water. In 
1968, for example, five companies claimed 
rights to enough water to produce several mil- 
lion bbI/d of shale oil. 


e Existing developer rights would probably not 
assure supplies because surface water is over- 
appropriated and oil shale rights could be inter- 
rupted during shortages. More reliable supplies 
could be provided through purchase of surplus 
water from existing Federal reservoirs, pur- 
chase of irrigation rights, ground water devel- 
opment, and importation of water from other hy- 
drologic basins. 


e Costs of the most expensive water supply op- 
tion, importation from other basins, could ex- 
ceed $0.80/bbl of shale oil produced. Other 
strategies would cost less than $0.50/ bbl of oil. 
These costs include the amortized costs of res- 


*For comparison, irrigated agriculture along the White 
River and the Colorado River consumes about 549,000 acre- 
ft/yr to produce 3 percent of Colorado’s crop production. This is 
equivalent to the water needs of a 3.2-million-bbl/d oil shale in- 
dustry. 


ervoir and pipeline construction and the cost of 
treating the water to industrial standards. De- 
velopment of high-quality ground water would 
be least expensive but would be limited to spe- 
cific areas. 


e All strategies that relied on surface water would 
require construction of new reservoirs and pipe- 
lines, principally in the White River basin in Col- 
orado and Utah. About 180,000 to 230,000 | 
acre-ft of new storage would be needed for a 1- 
million-bbl/d industry. Active capacity of exist- — 
ing reservoirs in the Upper Basin is about 34.7 | 
million acre-ft. New construction for oil shale | 
would increase storage by less than 0.6 per- 
cent. 


e lf a 2-million-bbl/d industry were developed, 
flows of the Colorado River would be reduced, — 
and its salinity could increase by approximately 
2 percent. Studies by the U.S. Water and Power 
Resources Service (WPRS)* and the Colorado | 
Department of Natural Resources (DNR) indi- | 
cate that the economic losses from these | 
changes could reach $25 million per year by the | 
year 2000—the equivalent of $0.04/bb! of oil 
produced. | 


e Sale of irrigation water to oil shale developers | 
would reduce farm production. At present, de- | 
velopers do not plan to purchase such water in | 
significant quantities. Therefore, effects on the | 
farming industry should be small, especially | 
compared with the effects of competition for : 
labor and the purchase of farmlands for munici- | 
pal growth. 


e Studies by USBR and DNR indicate that envi- | 
ronmental impacts of water-resource develop- | 
ment for oil shale should be small overall on the | 
Upper Basin but could be large in some areas. | 
Fish habitats and recreational activities along | 
the White River are expected to be the most | 
severely affected. Impacts on the Lower Basin | 
are not expected to be substantial. 2 


e Regional development could be limited by water § 
availability after 2000. Importation of water } 
from other basins, conservation by municipal, 9 
agricultural, and industrial users, and possibly | 


*Formerly the U.S. Bureau of Reclamation (USBR). For ease 
of reference, most citations in this chapter are to the USBR. 
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weather modification could make additional 
quantities available. The extent of the increase 
cannot be predicted accurately, and the strate- 


gies could be impeded by legal, institutional, 
and economic factors. 


Analysis of Water Requirements for Oil Shale Facilities* 


Introduction 


Water will be used for oil shale mining and 
retorting, for shale oil upgrading, for revege- 
tation and spent shale disposal, and for sup- 
plying the increased population and other re- 
lated activities that will accompany the es- 
tablishment of a shale oil industry. More 
water will be needed for final refining but 
this operation can be carried out at other lo- 
cations. In the early years of the industry, 
some shale oil will probably be refined in the 
oil shale region and nearby in Denver and 
Salt Lake City. Water is also scarce in these 
areas. However, the refineries are presently 
consuming water for processing conventional 
petroleum. Shale oil will merely displace the 
conventional feedstocks, thus its refining will 
not add significantly to water requirements. 
In the long run, the output of a major industry 

*This analysis assumes that the quantity of water removed 
for a given purpose from a stream or aquifer (the water re- 
quirement) is numerically equal to the quantity made unavail- 
able for subsequent uses (the water consumption). This 


assumption is consistent with present developer plans for zero- 
discharge water management systems. 


would be refined in the Midwest where water 
is abundant. 


Estimates of water consumption vary wide- 
ly. In the following section the most recent 
estimates for alternative technologies on spe- 
cific sites are analyzed, and then compared 
with estimates of regional water availability 
in order to identify the level of shale oil pro- 
duction at which water resources might limit 
further development. 


Process and Facility Models Analyzed 


Facilities that use six retorting processes 
are described in table 71. The processes were 
selected for analysis because of their advanc- 
ed development and because data have been 
published on their water requirements. The 
processes fall into three generic classes: 
directly heated aboveground retorting (AGR), 
indirectly heated AGR, and modified in situ 
(MIS) retorting. The facilities modeled are: 


1. TOSCO I indirectly heated AGR, 
2. Paraho directly heated AGR, 


Table 71.—Process Models for Oil Shale Facilities 


Shale __Byproducts, ton/d 
Refer- grade Am- 
Technology Study ence? Coloradolocation —gal/ton Shale oil capacity Other major product Coke Sulfur monia 
TOSCO 1/5 Colony 3 Davis Gulch 35 47,000 bbl/d syncrude LPG: 4,330 bbl/d SOO pai toma hSO 
TOSCO II® WPA/ DRI 1‘ Davis Gulch 35 47,000 bbi/d syncrude LPG: 4,330 bbi/d S00man lize ano 
Paraho direct McKee-Kunchal 4 Anvil Points 30 87,000 bbI/dsyncrude Low-Btu gas: 32 billion 650 136 290 
Btu/d 
Paraho direct WPA/DRI 1 Anvil Points 29 99,170 bbl/d crude Electricity: 155 mW¢ Ope ale 2aed46 
Paraho indirect McKee-Kunchal 4 Anvil Points 30 76,000 bbl/dsyncrude Low-Btu gas: 6billion 650 136 290 
Btu/d 
Union ‘*B’’> Eyring/Sutron 10 Parachute Creek 34 100,000 bbl/dsyncrude (d) d 
Oxy MIS Oxy 5,9 Tract C-b 24 57,000 bbl/d crude Electricity: 350 mWé 0 92 0 
Oxy MIS WPA/ DRI 1 Tracts C-aor C-b. 25 57,000 bbl/d crude Electricity: 97mW° Oy 144 28 
Oxy MIS + Lurgi WPA/DRI 1 Tracts C-a or C-b 25 81,000 bbI/d crude Electricity: 140 mW O a2. “281 


ae Ee re eg Teta, Cl Le een ci nla 
a Electricity purchased. 


See reference list at end of chapter. 


COpen-cycle gas turbines. dpata not provided. 


&Combined-cycle system. 


SOURCE: R. F. Probstein, et al., Water Requirements, Pollution Effects, and Costs of Water Supply and Treatment for the Oil Shale Industry, report prepared for OTA by Water Purification Associates, October 


1979, p. 4. 
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3. Paraho indirectly heated AGR, 

4. Union Oil ““B”’ indirectly heated AGR, 

5. Occidental Oil Shale’s directly heated 
MIS retorts, and 

6.a combination of directly heated MIS 
retorts and Lurgi-Ruhrgas indirectly 
heated AGR. 


The water requirements of these facilities 
were scaled to a common basis of 50,000 
bbl/d of synthetic crude oil. Thus, units for 
upgrading crude shale oil to a high-quality 
synthetic crude are included. Each facility 
generates sufficient electric power for its 
own needs, and all solid waste dumps are re- 
vegetated. Wastewater is recycled wherever 
practical, and only excess mine drainage 
water is discharged or reinjected. Disposing 
of solid wastes by slurry backfill, either to the 
mine or to the burned-out in situ retorts, is not 
included. The effects of byproduct coke, am- 
monia, sulfur, or gas are not evaluated. True 
in situ processes are not analyzed because no 
data are available. 


With the exception of the Union “‘B’’ plant, 
each estimate discussed in this section is de- 
rived from a published conceptual design,'2 
either the developer’s or one that has been 
modified to put plant material and energy bal- 
ances on a consistent basis. Although little in- 


formation has been published, the Union 
process is considered here because plans for 
a plant have been announced.'® However, the 
data cannot be treated with the same confi- 
dence as for other processes. 


A number of other studies'5 have been 
completed but are not discussed in this sec- 
tion. Although they were based on data sup- 
plied by the developers, their conclusions did 
not agree because different retorting pro- 
cedures, products, production rates, power 
supply modes, shale grades, and disposal pro- 
cedures were assumed. 


Water Requirements 


The water requirements of the six oil shale 
facilities, after scaling, are summarized in 
table 72. As can be seen, even facilities that 
use similar processes (e.g., indirect AGR) re- 
quire different amounts of water. However, 
when the requirement for each subprocess is 
represented as a percent of the total, there is 
a correlation among different plants that use 
similar kinds of technology, as shown in table 
73. Itis noteworthy that: 


e Mining and dust control require consid- 
erably more water in AGR than in either 
MIS or MIS/AGR. This is because about 


Table 72.—Water Requirements and Mine Drainage Production for 50,000-bbi/d Oil Shale Facilities (acre-ft/yr) 


Paraho 
Retorting technology Paraho direct TOSCO II indirect Union ‘‘B’’ Oxy MIS MIS/AGR 
Study McKee- McKee-  Eyring- 
Kunchal WPA/DRI Colony WPA/DRI Kunchal Sutron Oxy 1977 Oxy 1979 WPA/DRI WPA/DRI 

Reference@ 4 | 3 1 4 9 5 9 1 1 
Unit operation 
Mining and handling. . . 816 941 1,045 1,045 934 = 483 483 338 326 
Power generation... .. 665 (b) 1206 R236 761 8233 (b) (b) (b) (b) 
Retorting and upgrading 2 Ome Osa 5,038 3,821 3,487 1,470 9,234 2,502 3,601 3,051 
Shale disposal and 

revegetation....... 1,644 1,385 3,895 3,956 4,020 3,090 2,818 1,103 1,103 1,461 
Municipaluse ....... 645 645 594 594 731 731 1) ls: 775 818 
Net water requirements 
[icaere-TtZ Vr owe der 6,386 5,346 11,805 10,694 O33 oo24 13,310 4,863 5,817 5,656 
In bbl water/bbl oil... . 2A Deo 5.02 4.53 4.22 2.77 5.66 2.06 2.47 2.40 
Mine drainage water 
IaCne=ft/\Vi re gee te (b) (b) (b) (b) (b) (b) 6,440-16,100 4,032-6,452 12,326 8,454 
In bbl water/bbl oil... . (b) (b) (b) (b) (b) (b) 2.74-6.86 1.56-2.50 5.25 3.60 


4See reference list at end of chapter. 
DNot applicable for project or site analyzed. 


SOURCE: R. fs Probstein, et al., Water Requirements, Pollution Effects, and Costs of Water Supply and Treatment for the Oil Shale Industry, report prepared for OTA by Water Purification Associates, October 
1979, p. 8. ; 
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Table 73.—A Comparison of the Water Requirements 
of the Various Subprocesses 


Generic technology (in percent) 


Indirect and 
Subprocess direct AGR MIS/AGR MIS 
Mining and handling... . 9-18 6 4-10 
Power generation ...... 8-12 (a) (a) 
Retorting and upgrading . 35-44 54 51-69 
Disposal and revegetation. 26-40 26 19-26 
Municipaluse......... 5-12 14 6-16 


Not applicable for project or site. 


SOURCE: R. F. Probstein, et al., Water Requirements, Pollution Effects, and Costs of Water Sup- 
ply and Treatment for the Oil Shale Industry, report prepared for OTA by Water Purifica- 
tion Associates, October 1979, p. 9. 


four times as much shale is mined and 
handled in aboveground processing. The 
larger amount of material also results in 
high water requirements for disposal 
and revegetation. 
¢ No water is needed for power generation 
in MIS and MIS/AGR because power will 
most likely be generated by burning low- 
Btu gases in open-cycle gas turbines that 
do not need to be cooled. Even if com- 
bined-cycle systems were used, very lit- 
tle cooling water would be needed. Cool- 
ing water is needed for AGR because sol- 
id-fuel steam-cycle systems will prob- 
ably be used. 
Municipal water needs are proportional 
to the number of mine and plant employ- 
ees. For the same output, more workers 
are required for MIS (about 1,800) than 
for AGR (about 1,400 to 1,700). It is as- 
sumed that the MIS/AGR process would 
require slightly more workers (about 
1,900) than either technology by itself. 


Retorting and upgrading require the most 
water. All the technologies need comparable 
amounts of water for upgrading, therefore, 
the differences among alternate technologies 
reflect differences in retorting efficiencies. 
The large differences between similar above- 
ground technologies result from specific oper- 
ating characteristics, especially the methods 
for heating the retort and for disposing and 
reclaiming the spent shale. More water is re- 
quired for indirect than for direct AGR be- 
cause indirect heating has a significantly 
lower overall thermal efficiency. 


Spent shale disposal and reclamation re- 
quire large amounts of water in the TOSCO II 
and Paraho indirect designs (about 4,000 
acre-ft/yr), while the estimate for the Paraho 
direct process is about 60 percent lower. 
Largely because of this difference, the over- 
all requirement for Paraho direct is only 
about 5,900 acre-ft/yr, while the TOSCO II 
and Paraho indirect designs need about 
10,500 acre-ft/yr or almost twice as much. 


The requirements for MIS retorting and 
upgrading are similar to those for indirect 
AGR. However, because little water is needed 
for mining and waste disposal, overall water 
requirements for MIS are similar to those for 
direct AGR; that is, about 5,800 acre-ft/yr. 
For similar reasons, the requirements for 
MIS/AGR are similar to those for MIS alone. 


It has been assumed that none of the AGR 
plants will produce mine drainage water. The 
MIS and MIS/AGR facilities, however, are 
assumed to produce such water in substan- 
tial quantity. This difference is not related to 
the technologies but rather reflects the siting 
assumptions made for the various plants. The 
MIS and MIS/AGR facilities are on tracts C-a 
and C-b in the ground water areas of the cen- 
tral Piceance basin, while the AGR opera- 
tions are in drier areas along the southern 
fringe of the Piceance basin or the eastern 
portion of the Uinta basin. Mining in ground 
water areas produces mine drainage water 
that must either be used, discharged, or rein- 
jected. The amount produced varies with lo- 
cation. Estimates for tract C-b range from 
4,032 to 16,100 acre-ft/yr'® and for tract C-a 
to at least 18,100 acre-ft/yr.’ This water 
should be regarded as an alternate water re- 
source and not as part of the process. Similar 
operations in other locations may not produce 
comparable amounts of water. 


An Evaluation of Assumptions in 
the Estimates 


Detailed breakdowns of the water required 
and produced by each principal operation in 
each model facility are shown in table 74. 
(Table 72 was derived from these data.) 
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Table 74.—Breakdown of Water Requirements and Water Production for 50,000-bbI/d Oil Shale Facilities (acre-ft/yr) 


Paraho 
Paraho direct TOSCO II indirect Union ‘‘B’’ Oxy MIS MIS/AGR 
McKee- McKee- Eyring- 
Kunchal WPA/DRI Colony WPA/DRI Kunchal Sutron Oxy 1977 Oxy 1979 WPA/DRI WPA/DRI 
Water required 
Mining and ore handling 816 941 1,045 1,045 934 (a) 483 483 338 326 
Power generation. .... 8325 (c) 1,850° 1,8509 9524 1,850¢ (c) (c) (c) (c) 
Retorting and upgrading 
Cooling tower makeup 3,849 3,854¢ 3,861 3,939 4,406 = 6,875° 806 4,494¢ 3,626¢ 
RMOUING 5. \ otole ave — 0 1,884 668 _ = 213 S/he! PST) 1,873 
Upgradig ae sea — 9394 939 939 — = 9394 9394 9394 939 
Other boiler makeup . 1,224 490¢ 557 Stay 1,401 1,710° 985° 525 551& 529° 
Steam and treatment 
1OSS eee: Wp en ap — 50 Be: 572 = = 39 587 109 75 
Service and firewater  — 69 60 60 — = (a) Danititt 67 60 
Potable and sanitary. — 39 34 34 = = 113 161 31 28 
Disposal and reclamation 
Shale moisturizing . . (Cc) (C) 2,859 2,920 (C) = (Cc) (Cc) (C) (C) 
Disposal and 
compaction...... 1,664 972 428 428 = 2,870 1,208 346 346 1,239¢ 
Revegetation ...... 413 608 608 4,020 220 1,610 on 757 2224 
Municipaldemand.... 1,614 1,614 1,485» 1,485 1,829 1,829 1,937 1,9375 1,937 2,0454 
Total required .... 9,979 9,378 16,182 1ORMOST 137542 8,479 16,920 12,405 12,300 10,962 
Water produced 
Power generation..... 1674 (c) 6174 6179 1919 6179 (c) (c) (Cc) (Cc) 
Retorting and upgrading 
Cooling tower 
blowdown....... 768 1,6538 1,240 1,319 880 (a) 625° (a) 1,038° 907€ 
Retort condensate. . . 127 (a) (a) (a) 388 240 1,243 2,419 1,243 852 
Gas condensate .... 752 542 728 728 125 = (a) 3,072 Zeow/ 1,480 
Upgrading 
condensates ..... 540 1034 103 103 618 (a) 1034 103 103 103 
Boiler and treatment 
Waster. enn 270 487¢ B57 557 309 (a) 486¢ 384 530° 5138 
Service water effluent (a) 30 27 27 (a) (a) (a) 241 26 2 
Potable and sanitary 
Cinta eee (a) 26 26 26 (a) (a) (a) 161 23 20 
Surface runoff ..... (a) 222 188 188 (a) (a) (a) (a) 201 177 
Municipal effluent ... . 9694 9699 891 8914 1,0989 1,098¢ 1,162¢ 1,162¢ 1,162¢ 1,227¢ 
Total produced ... 3,593 4,032 4,377 4,456 3,609 1,955 3,619 7,542 6,483 5,306 
Net consumption 
IeACrerhty/YPh. one ae 6,386 5,346 11,805 10,649 9,933 6,524 13,301 4,863 5,817 5,656 
In bbl water/bbloil.... = 2.71 Bom 5.02 4.53 4.22 2a 5.65 2.06 2.47 2.40 
Mine drainage 
iaGrett/ Vian gee (Cc) (C) (C) (C) (Cc) (C) 6,440-16,100 4,032-6,452 12,326 8,454¢ 
In bbl water/bbl oil... . (C) (C) (c) (C) (Cc) (Cc) 2.74-6.86 1.56-2.50 Des 3.608 
aNot provided.  Pincludes mining and retorting. © ©Notapplicable. Estimated byOTA. Modified for OTA. 


SOURCE: R. F. Probstein, et al., Water Requirements, Pollution Effects, and Costs of Water Supply and Treatment for the Oil Shale Industry, report prepared for OTA by Water Purification Associates, October 


1979, p. 14. 


Paraho Direct 


The two estimates for Paraho direct are 
reasonably consistent. However, the McKee/ 
Kunchal water management plan is not suffi- 
ciently detailed for a thorough evaluation to 
be made of the differences that appear. The 
two designs differ principally in the mode of 
power generation. The McKee/Kunchal de- 


sign assumed that a water-cooled steam cycle 
would be used; the Water Purification Asso- 
ciates/Denver Research Institute (WPA/DRI) 
design assumed that low-Btu gas would be 
burned in open-cycle gas turbines that re- 
quire no cooling water. 


The retorts are also operated differently. A 
higher retorting temperature is assumed in 
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the WPA/DRI design, and the water produced 
during retorting is vaporized and exhausted. 
In the McKee/Kunchal design, lower tempera- 
tures cause partial condensation of the retort 
water. Also, upgrading was not considered by 
WPA/DRI, and it was necessary to adapt esti- 
mates from the TOSCO II plant design. 


The chief uncertainty is the claim of mini- 
mal water needs for spent shale disposal. The 
WPA/DRI design, which was based on this 
claim, uses a conservative estimate of 5 per- 
cent by weight of water for compaction and 
a separate estimate for revegetation. The 
McKee/Kunchal estimate is not directly com- 
parable because it combines compaction and 
revegetation. However, the total values are 
reasonably consistent. 


Paraho’s claim that proper compaction can 
be obtained with small water additions is 
based on evidence from disposing about 150 
ton/d of spent shale. It is uncertain that suffi- 
cient moisture could be extracted from the at- 
mosphere to dispose of 72,000 ton/d, the out- 
put of a 50,000-bbl/d plant. 


TOSCO Il 


Although the Colony water management 
plan is very detailed, neither Colony nor 
WPA/DRI assumed onsite power generation. 
OTA’s analysis assumed that about 85 MW of 
power would be generated by a steam-cycle 
system. 


A principal difference between the designs 
is that WPA/DRI substituted a bag filter and 
electrostatic precipitator for Colony’s venturi 
wet scrubbers, thereby reducing water con- 
sumption. Both designs assumed that the 
spent shale is moisturized to 14 percent by 
weight of water to allow proper compaction. 
For revegetation, both designs assumed an 
average value of 608 acre-ft/yr over the 20- 
year life of the plant. During the first 10 
years, little revegetation would be done and 
water would be used only for compaction and 
dust control. In the second 10 years, revege- 
tation programs would be expanded and 
water needs would increase. 


Paraho Indirect 


It is not possible to fully evaluate the 
Paraho indirect estimates because the 
McKee/Kunchal report lacks a detailed water 
management scheme. Compared with TOSCO 
II, retorting and upgrading requirements ap- 
pear low. Also, the requirement for revegeta- 
tion is much higher than for all other retorts. 
The reason given is the high carbon content of 
the spent shale, but this conclusion is not sup- 
ported by Union’s experience with similar re- 
torted shale. The high estimates for revegeta- 
tion may have been made to offset low esti- 
mates for compaction."* 


Union Oil ‘‘B’’ 


Because only crude data are available, 
judgment should be reserved on the low esti- 
mates for mining, retorting, and upgrading. 
The Environmental Protection Agency (EPA) 
recently published a considerably higher esti- 
mate for mining and processing that would 
lead to a total consumption more in line with 
estimates for other processes.'? Unfortunate- 
ly, the higher estimate cannot be verified be- 
cause no background information was sup- 
plied. An older EPA document” provides a 
value for mining and processing consistent 
with the Eyring/Sutron estimate. The relative- 
ly large requirement for spent shale disposal 
is a consequence of Union’s method for cool- 
ing the hot retorted shale by immersing it in 
water. 


Occidental (Oxy) Modified In Situ 


The older Oxy estimate differs significant- 
ly from the WPA/DRI design in both water re- 
quirements and water production. Oxy’s re- 
quirements are higher for cooling water, for 
raw shale disposal, and for revegetation. It 
appears that these uses were deemed appro- 
priate for disposing of excess mine drainage 
water. Much less water is wasted in the 
WPA/DRI design and in the newer Oxy plan. 
Also, the production of retort condensate was 
not estimated in the older Oxy plan. The 
WPA/DRI estimate (2,157 acre-ft/yr) was 
based on Oxy’s estimates of the steam flows 
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to the retorts. (Much more condensate would 
be produced if ground water entered the re- 
torts during their operation.) WPA/DRI also 
assumed that the retort gases are not com- 
pressed prior to gas cleaning. This reduces 
the cooling water requirement, although it in- 
creases the cost of the gas cleaning equip- 
ment. The net difference (considering conden- 
sate production and cooling water reduction) 
is about 6,700 acre-ft/yr, which accounts for 
most of the discrepancy between Oxy’s older 
plan and the WPA/DRI study. In general, the 
WPA/DRI results agree quite well with Oxy’s 
current water management plan. 


Modified In Situ/Aboveground Retorting 


The only published water management 
plan for a combined facility is that of the Rio 
Blanco project on tract C-a. Details are not 
sufficient for a thorough evaluation and the 
plan is now obsolete because Rio Blanco has 
since revised its approach. The WPA/DRI 
model, which combines MIS with Lurgi-Ruhr- 
gas retorts, is similar to the current plans for 
the tract. 


The principal difference between OTA’s 
process model and those of Rio Blanco or 
WPA/DRI is that OTA has assumed surface 
disposal of the spent shale, whereas the 
others assumed that the waste is returned as 
a slurry to the burned-out in situ retorts. In 
OTA’s analysis, it is assumed that the vapor 
losses during moisturizing are the same as in 
underground slurry disposal. The estimates 
for both revegetation and upgrading were 
linearly scaled from the TOSCO II require- 


ments. The accuracy limitations noted in the. 


MIS discussion also apply here. 


Municipal Use 


It is assumed that the total population 
growth will be 5.5 times greater than the 
number of employees.*! Because this large 
multiplier is applied to uncertain employment 
figures, the estimates of municipal water 
needs are approximate. An aggregate re- 
quirement of 175 gal/person/d has been 
assumed, with consumption at 40 percent of 


this figure. The net requirement—70 gal/per- 
son/d—is conservatively high. The average 
requirement for all the facilities considered is 
about 700 acre-ft/yr. 


Mine Drainage Water 


Probably the largest uncertainty of all, 
because it is highly site dependent, is the 
amount of mine drainage water produced. As 
noted above, estimates for the Federal lease 
tracts range from 6,400 to over 18,000 acre- 
ft/yr. This water should satisfy the processing 
needs of the technologies proposed for tracts 
C-a and C-b. However, these needs could 
probably not be satisified by ground water on 
sites along the edge of Piceance basin. 


Range of Water Requirements 


The most likely ranges of the quantities of 
water that will be consumed by the three ge- 
neric technologies and by the combined plant 
are indicated in table 75. Also shown are the 
likely ranges of mine drainage water produc- 
tion on tracts C-a and C-b. Overall, the re- 
quirements range from 4,900 to 12,300 acre- 
ft/yr—the equivalent of from 2.1 to 5.2 bbl of 
water consumed for each barrel of oil pro- 
duced. Given this range, a 1-million-bbl/d in- 
dustry could require from approximately 
100,000 to 250,000 acre-ft/yr. Actual water 
requirements would be determined by the 
mix of technologies used. In table 76, these 
requirements are estimated for an industry 
that would result if present projects, both ac- 
tive and proposed, were completed. Some fea- 
tures of this industry are: 


e Indirect AGR, the method with the high- 
est unit water requirement, constitutes 
91 percent of the total production. 

e Direct AGR and MIS, which require less 
water, constitute only 33 percent of pro- 
duction. The balance is provided by MIS/ 
AGR, which has an intermediate re- 
quirement. 

e About 43 percent of the production will 
result from mining in ground water 
areas in the central and northern Pice- 
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Table 75.—Likely Ranges of Water Requirements and Mine Drainage Production 
for Oil Shale Facilities Producing 50,000 bbi/d of Shale Oil Syncrude 


Average shale grade, 


Technology gal/ton 
Directly,heated AGR........... 29-32 
Indirectly heated AGR......... 32-39 
Directly heated MIS... 3..... 0. 20-20 
MISHAGR massa tin os es a8 2o-25 
Location 


Mine drainage water.......... C-a/C-b 


Water requirements@ 


Acre-ft/yr Barrels per barrel of oil 
4,900-7,800 2vI-3.3 
9,400-12,300 4.0-5.2 
4,900-5,900 PD ales No 
5, 700-6, 700 2.4-2.9 

Water production 
4,000-16,100 1.6-6.9 


4Net water requirements. Low end assumes higher shale grade, open-cycle power systems, high retort efficiency, and lower waste disposal and reclama- 
tion needs. High end assumes lower shale grade, steam-cycle or combined-cycle systems, low retorting efficiency, and higher disposal and rec- 


lamation needs. 


SOURCE: R. F. Probstein, et al., Water Requirements, Pollution Effects, and Costs of Water Supply and Treatment for the Oil Shale Industry, report pre- 


pared for OTA by Water Purification Associates, October 1979, p. 22. 


Table 76.—Water Requirements for Active and Proposed Oil Shale Projects 


Design capacity Water requirements, acre-ft/yr 


Barrels Percent For 50,000 For design Weighted 

Project Location Deposit Technology per day of total bbi/d capacity contribution 
Rio Blanco Central Piceance basin Wet MlS/indirect AGR 76,000 16 6,200 9,424 992 
Cathedral Bluffs | Central Piceance basin Wet MIS 57,000 12 5,400 6,156 648 
Long Ridge Southern Piceance basin Dry Indirect AGR 75,000 16 10,850 16,275 1736 
Colony Southern Piceance basin Dry Indirect AGR 46,000 10 10,850 9,982 1,085 
Sand Wash Uinta basin Dry Indirect AGR 50,000 10 10,850 10,850 1,085 
EXXON Central Piceance basin Wet Indirect AGR 60,000 13 10,850 13,020 1,411 
White River Uinta basin Dry Direct AGR 100,000 21 6,350 12,700 1,334 
Superior Northern Piceance basin Wet Indirect AGR 11,500 2 10,850 2,496 217 

Total 475,500 100 80,903 8,508 


SOURCE: Office of Technology Assessment. 


ance basin. These plants could obtain 
their process water from the aquifers in 
the mining zone. Surface water would 
not be needed. 


The total production from this combination 
(475,000 bbl/d) would require 80,903 acre- 
ft/yr. On this basis, a 50,000-bbl/d plant 
would need about 8,500 acre-ft/yr; a 1-mil- 
lion-bbl/d industry about 170,000 acre-ft/yr. 


The following sections will use these esti- 
mates in conjunction with estimates of sur- 
plus surface water availability and other 
critical factors to identify the level of shale oil 
production at which water scarcity might re- 
strict development. The issues section of this 
chapter discusses the industries that might 
result if a different mix of technologies were 
used or if ground water were developed. 


Water Resources: A Physical Description 


Surface water is obtained from rivers and 
streams; ground water from underground 
aquifers. In some instances, these sources 
are physically connected and should not be 
evaluated independently. For example, if the 
ground water supplies in most Western 
States were fully utilized, surface flows 
would decrease. 


Surface Water 


The Colorado River system, which includes 
the Colorado River and its tributaries, sup- 
plies surface water to the oil shale region. 
The Colorado River flows 1,440 miles from 
source to mouth. Its drainage area of 244,000 
mi’ includes parts of seven States and Mex- 
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ico. The waters of the Colorado River system 
are divided between the Upper Colorado 
River Basin (which includes parts of Col- 
orado, Utah, Wyoming, Arizona, and New 
Mexico), and the Lower Colorado River Basin 
(which includes parts of California, Nevada, 
Arizona, New Mexico, and Utah). (See figures 
63 and 64.) The basins are divided at Lee 
Ferry, Ariz., 1 mile south of the Paria River 
near the border between Arizona and Utah. 


Six major streams enter the Colorado River 
in the Upper Basin. From north to south, these 
are the Green, the Yampa, the White, the 
Gunnison, the Dolores, and the San Juan. The 
drainage area of the Upper Basin has been di- 
vided into a number of hydrologic subbasins, 
each corresponding to the watershed of a ma- 
jor river. Oil shale development may directly 
affect three of these subbasins: the Green 
River basin in the southeastern corner of 
Wyoming; the White River basin, which in- 
cludes parts of western Colorado and eastern 
Utah; and the basin of the Colorado River 
mainstem in Colorado. 


Water quality in these streams is highly 
variable. The quality in most of the upstream 
reaches of major tributaries is good to excel- 
lent although some smaller streams that re- 
ceive discharge from saline ground water 
aquifers are of very poor quality. Water qual- 
ity is significantly poorer in most downstream 
areas. The gradual deterioration is caused by 
flows of naturally saline streams into the 
river system and by man-related discharges 
from settlements, mineral development sites, 
and irrigated farmlands. Water quality and 
the problems it causes are discussed further 
in chapters 4 and 8. 


The Colorado River system drains an ex- 
tensive area, but its flows are relatively 
small. The average annual virgin flow* at Lee 
Ferry was 13.8 million acre-ft/yr between 


*Virgin flow is the flow that would occur in the absence of 
human activity. Most of the water availability analyses in this 
chapter deals with the 1930-74 average because of its common 
use in other water resources analyses. The effects of different 
assumptions regarding virgin flow are discussed in the issues 
section. 


Photo credit: OTA staff 


Upper Colorado River near Rifle, Colo. 
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Figure 63.— Major Hydrologic Basins of the Colorado River System 
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SOURCE: U.S. Bureau of Reclamation, Critical Water Problems Facing the Eleven Western States—Westwide Study, Volume |, Main Report, NTIS No. PB-263 981, Den- 


ver, Colo., April 1975. 


1930 and 1974, in contrast to about 180 mil- 
lion acre-ft/yr for the Columbia River and 440 
million acre-ft/yr for the Mississippi River. 
Despite its relatively low flows, the system is 
one of the most important in the Southwest. It 
serves approximately 15 million people. Mu- 


nicipalities, agriculture, energy production, 
industry and mining, recreation, wildlife, 
Federal lands, and Indian reservations all 
compete for its waters. 

Flows vary seasonally, increasing with 
spring snowmelts and heavy rainstorms in 
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Figure 64.—The Upper and Lower Colorado River Basins 
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SOURCE: C. W. Stockton and G. C. Jacoby, ‘Long-Term Surface-Water Supply and Streamflow Trends i 


y : n the Upper Colorado River Basin Based on Tree-Ring Anal- 
yses,” Lake Powell Research Project Bulletin No. 18, March 1976, p.2 


Ch. 9—Water Availability © 371 


the late summer and fall and declining during 
the rest of the year. They also vary from year 
to year, as shown in figure 65. Flow records 
and examination of vegetation growth cycles 
indicate that they may also vary over a much 
longer period, spanning decades or even cen- 
turies. The fact that virgin flows at Lee Ferry 
between 1906 and 1974 averaged about 15.2 
million acre-ft/yr while between 1930 and 
1974 they averaged only 13.8 million acre- 
ft/yr is evidence of this long-term variability. 


The flow variations are significant because 
they reduce the accuracy of long-term projec- 
tions of water availability. They also furnish 
a rationale for building reservoirs to offset 
seasonal fluctuations and stabilize supplies 
during dry years. Several reservoirs have 
been built in the Upper Basin for this pur- 
pose. The five largest were built by the Fed- 
eral Government under the Colorado River 
Storage Project Act (CRSP) of 1956: Lake 
Powell in Arizona and Utah, Flaming Gorge in 
Utah and Wyoming, Fontenelle in Wyoming, 
Navajo in New Mexico, and the Curecanti 
Unit (which includes the Crystal, Morrow 


Point, and Blue Mesa Reservoirs) in Colorado. 
These projects have been completed and are 
now being filled. When full, the existing 
reservoirs will have a maximum active stor- 
age capacity of about 35 million acre-ft/yr. 
Lake Powell is by far the largest, and will 
have an active capacity of about 25 million 
acre-ft. Other reservoirs have been author- 
ized by Congress but funds have not yet been 
appropriated for their construction. These in- 
clude the Savery Pothook, Fruitland Mesa, 
and West Divide projects. The locations of the 
existing CRSP reservoirs are shown in figure 
66. 


Reservoirs have been effective in dampen- 
ing the fluctuations in the virgin flows. This is 
illustrated in figure 67, which compares ac- 
tual measured flows of the Colorado River at 
Lee Ferry with the corresponding estimates 
of virgin flows for the period 1953-78. The 
Flaming Gorge and Navajo Reservoirs began 
filling in 1962; Lake Powell in 1963, and 
Fontenelle in 1964. During prior years, actual 
flows varied widely, from 6 million acre-ft/yr 
to over 17 million acre-ft/yr. In 1962, the ac- 


Figure 65.—Annual Average Virgin Flow of the Colorado River at Lee Ferry, Ariz. 
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Figure 66.— Major Dams and Reservoirs on the Colorado River and Its Tributaries 
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Figure 67.—Flows of the Colorado River 
Between 1953 and 1978 
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tual flow dropped substantially, partly be- 
cause of low virgin flow and partly because of 
the start of reservoir filling. In 1968, the ac- 
tual flow approached 8 million acre-ft/yr and 
has remained within the range of 8.23 million 
to 10.14 million acre-ft/yr ever since. Between 
1968 and 1978, virgin flows ranged from 5.5 
million to 19.3 million acre-ft/yr. Actual flows 
have not yet stabilized because the reservoirs 
are still filling. 


Ground Water 


Ground water resources occur near the 
surface in alluvial (floodplain) aquifers and 
more deeply buried in bedrock aquifers. In 
most areas, alluvial aquifers contain relative- 
ly little water. The amount in bedrock aqui- 
fers is unknown but is thought to be very 


large. It has been estimated that bedrock 
aquifers in the Piceance basin could contain 
as much as 25 million acre-ft in storage. This 
is nearly twice the annual virgin flow of the 
Colorado River at Lee Ferry and is equivalent 
to the storage capacity of Lake Powell. The 
primary bedrock aquifer near Federal tracts 
U-a and U-b in Utah is estimated to contain at 
least 80,000 acre-ft. 


The actual quantities of ground water that 
could be used for oil shale development are 
uncertain. The amount available is deter- 
mined by the location of the aquifers relative 
to potential plantsites, the water quality, and 
physical characteristics such as the depth 
and the recharge rate. The physical char- 
acteristics determine the quantity of water 
that can be stored or extracted, the rate at 
which water can be added or withdrawn, and 
the change in water levels that will result 
from withdrawing a given volume of water. 


The principal aquifers of the Piceance ba- 
sin are located in the Uinta and Green River 
geologic formations. (See figure 68.) The sys- 
tem is characterized by two bedrock aqui- 
fers, the ‘“‘upper’’ and the “‘lower,”’ that are 
separated by a 100- to 200-ft-thick confining 
layer of rich oil shale known as the Mahogany 
Zone. In addition, alluvial aquifers occur in 
gravel, sand, and clay along the bottoms of 
stream and creek valleys. 


The bedrock aquifers are recharged by 
springtime snowmelt, which replaces an esti- 
mated discharge of 26,110 acre-ft/yr. Water 
enters the upper aquifer along the basin 
margins above an altitude of 7,000 ft and 
moves downward through the Mahogany 
Zone to recharge the lower aquifer. General- 
ly, ground water in both of these aquifers 
flows from the recharge areas toward the 
discharge areas in the north-central part of 
the basin. In the discharge areas water 
moves upward from the lower aquifer 
through the Mahogany Zone to the upper 
aquifer and is discharged both to the alluvi- 
um and by springs along the valley walls. 
Ultimately, the discharged ground water 
flows into Piceance and Yellow Creeks and — 
then into the Colorado River system.” 
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Figure 68.— Bedrock Ground Water Aquifers in Colorado’s Piceance Basin 
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rado, Bureau of Land Management (1975), p. III-34. 


Despite the large resources, little ground 
water development has taken place to date.” 
The major economic use is for watering live- 
stock. In addition, natural seeps and springs 
supply water to vegetation and wildlife in 
many of the valley floors. Overall, relatively 


little water is withdrawn, and the ground 
water system is in hydrologic equilibrium. 
That is, the rates of recharge and discharge 
are equal and the amount of water in storage 
does not change significantly over time. 


Allocation of the Colorado River System Waters 


Because of competing demands, disputes 
over the proper allocation of water resources 
have permeated the political, social, econom- 
ic, and legal histories of the seven States in 
the Colorado River system. As a result, a com- 
plex framework of interstate and interre- 
gional compacts, State and Federal laws, Su- 


preme Court decisions, and international 
treaties has been developed to govern distri- 
bution of the system’s waters. Together, the 
provisions of this framework comprise ‘‘the 
law of the river.’’ Their interpretation is cru- 
cial to an understanding of the water avail- 
ability problem. 


Compacts, Treaties, and 
Legal Mechanisms 


The Colorado River Compact of 1922 


The major provisions of this compact are: 


1. It divided the river system into the Upper 
and Lower Basins, and allocated 7.5 mil- 
lion acre-ft/yr to each basin for bene- 
ficial consumptive use. Authority was 
also given to the Lower Basin to increase 
its annual use by 1 million acre-ft. 

2. It did not recognize a specific obligation 
to provide water to Mexico. However, a 
framework was established whereby 

| any future obligation would be shared 

equally between the Upper and Lower 
Basins. 

3. The Upper Basin was prohibited from re- 
ducing the flow at Lee Ferry to below an 
aggregate of 75 million acre-ft in any 10- 
year period. The Upper Basin was not to 
withhold water, nor was the Lower Ba- 

| sin to demand water that could not rea- 

sonably be applied to domestic and agri- 
cultural uses. 


‘The Boulder Canyon Project Act of 1928 


This Act provided for the construction of 
Hoover Dam and its powerplant, and for the 
All-American Canal. Its major provisions are: 


1. It suggested a specific framework for 
apportioning the water supplies allo- 
cated by the compact of 1922 among the 
Lower Basin States of California, Ari- 
zona, and Nevada. (The States did not 
adopt this framework, but it was later 
imposed on them by the Supreme Court 
decision in Arizona v. California, as dis- 
cussed below.) 

2. It required California to reduce its an- 
nual consumption to 4.4 million acre-ft 
plus not more than half of the surplus 
water provided to the Lower Basin. (This 
requirement was met through the Cali- 
fornia Limitation Act of 1929.) 

3. It authorized the Secretary of the Interi- 
or to investigate the feasibility of proj- 
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ects for irrigation, power generation, 
and other purposes. 


The Upper Colorado River Basin 
Compact of 1948 


In this compact, the Upper Basin States ap- 
portioned the water allocated under the com- 
pact of 1922. The negotiators recognized the 
problem inherent in allocating water on a 
strict quantity basis because of flow fluctua- 
tions from year to year. As a result, water 
was apportioned on a percentage basis to all 
States except Arizona. Major provisions of 
the compact are: 


1. Arizona was guaranteed 50,000 acre- 
ft/yr. The remaining water was appor- 
tioned as follows: 

e to Colorado: 51.75 percent, 
e to New Mexico: 11.25 percent, 
e to Utah: 23.00 percent, and 
e to Wyoming: 14.00 percent. 

2. It recognized that new reservoirs would 
be needed to assist the Upper Basin in 
meeting its delivery obligation to the 
Lower Basin. Such reservoirs, however, 
would increase evaporative losses from 
the river system as a whole, thus reduc- 
ing the quantity of surplus water avail- 
able to the Lower Basin. The compact 
provided that charges for such evapora- 
tive losses be distributed among the Up- 
per Basin States. Each State was to be 
charged in proportion to the fraction of 
the Upper Basin’s water allocation that 
was consumed in that State on a yearly 
basis, and its maximum consumptive use 
was to be reduced accordingly. 

3. It provided for the division of water be- 
tween pairs of States on a number of 
specific rivers. The compact did not deal 
with the White River, which delivers ap- 
proximately 500,000 acre-ft/yr to the 
Utah State line and which could supply 
water for energy development. 


Mexican Water Treaty of 1944-45 


As part of negotiations over apportionment 
of water from the Rio Grande, Tijuana, and 
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Colorado Rivers, the United States guaran- 
teed to deliver at least 1.5 million acre-ft/yr of 
water to Mexico. However, in times of severe 
drought or in the event of a failure in the 
delivery systems, Mexico could receive less 
than 1.5 million acre-ft/yr. 


Colorado River Storage Project Act of 1956 


This Act provided for several new storage 
reservoirs to assist the Upper Basin States in 
meeting their delivery obligation to the Lower 
Basin, while simultaneously increasing water 
consumption in the Upper Basin. The five 
CRSP reservoirs that have since been built 
were described in the earlier discussion of 
the fluctuating flows of the river. 


The Supreme Court Decree in 
Arizona v. California 


This decision (376 U.S. 340 (1964)) imposed 
upon the Lower Basin States the water distri- 
bution framework that had been suggested by 
the Boulder Canyon Project Act of 1928. The 
Lower Basin’s water allocation of 7.5 million 
acre-ft/yr was to be apportioned as follows: 


¢ to California: 4.4 million acre-ft/yr, 
e to Arizona: 2.8 million acre-ft/yr, and 
e to Nevada: 0.3 million acre-ft/yr. 


The decree also required that approximately 
1 million acre-ft/yr from the allocations to 
California and Arizona be diverted for the 
five Indian tribes located along the lower Col- 
orado River. 


Colorado River Basin Project Act of 1968 


This Act instructed the Secretary of the In- 
terior to propose criteria for the coordinated 
long-range operation of reservoirs built under 
the Boulder Canyon Project Act and the CRSP 
Act. Criteria were subsequently established 
and now form the basis for operation of the 
reservoirs. (These operating criteria are of 
importance in estimating water availability in 
the Upper Basin States, as discussed below.) 
The Act also identified the Mexican Water 
Treaty as a national obligation, to be con- 
sidered in developing any subsequent water 
projects. It prohibited the Secretary from 
studying importation of water into the Colcra- 
do River Basin until 1978. (This moratorium 
was subsequently extended to 1988 by the 
Reclamation Safety of Dams Act of 1978.) 


Surface Water Allocations 


Each of the above documents assumes dif- 
ferent values for the quantity of virgin flow 
past Lee Ferry. They therefore differ with re- 
spect to the total amount of water to be ap- 
portioned. In general, each State can inter- 
pret the law of the river so as to maximize its 
water-resource position and can develop its 
water programs on that basis. Consequently, 
an analysis of the opportunities for further 
growth in the Upper Basin States is clouded 
by uncertainty, and it is not possible to pre- 
dict with any exactitude the maximum size of 
the oil shale industry that could be accom- 
modated. 


The annual virgin flows assumed in some 
of these documents are shown in table 77. 


Table 77.—Estimates of Surface Water Allocations to the Oil Shale States (millions of acre-ft/yr) 


Virgin flow 
Source of virgin flow estimate at Lee Ferry 
Colorado River Compact of 1922.................. 18.0 
Mexican Water Treaty of 1944-45................. 16.2 
Upper Colorado River Basin Compact of 1948......... 15.6 
Colorado River Basin Project Actof1968............ 14.9 
Average Tlow 1930-747 2k 3 eae} skeet, notes. 13.8 


Colorado Utah Wyoming Total 
5.06 2e25 1.37 8.68 
4.12 Watske: Mate 7.07 
3.81 1.70 1.03 6.54 
3.45 1.53 0.93 5.91 
2.88 1.28 0.78 4.94 


Assumes delivery of 8.23 million acre-ft/yr to Lower Basin States and Mexico: 7,500,000 acre-ft/yr to Lower Basin (per 1922 compact) plus 750,000 acre-ft/yr to Mexico (per Mexican Water Treaty of 
1944-45) less 20,000-acre-ft/yr inflow from the Paria River below Lake Powell = 8,230,000 acre-ft/yr. Neglects evaporative losses from Upper Basin reservoirs. Assumes apportionment among the oil shale 


States according to the Upper Colorado River Basin Compact of 1948. 
SOURCE: Office of Technology Assessment. 


Also shown is the average virgin flow at Lee 
_ Ferry between 1930 and 1974. For each flow 
| figure, the corresponding gross quantity of 
_ surface water allocated to each oil shale 
State is also shown. It was assumed that the 
Lower Basin States receive 8.23 million acre- 
_ ft/yr out of the Lake Powell Reservoir above 
Lee Ferry, as called for in the operating cri- 


Introduction 


The water rights policies of Colorado, 
| Utah, and Wyoming are, in general, similar. 
Their respective constitutions hold that water 
| is the property of the public, not the landhold- 

er, and that it is the State’s responsibility to 
apportion rights to use water among compet- 
‘ing users. Each State administers surface 
water rights and some ground water rights 
according to a doctrine of prior appropria- 
tion. This differs from the riparian doctrine 
‘that prevails in most Eastern States under 
‘which water rights are automatically the 
‘property of the owner of the land on which 
the water is found. Under the prior appro- 
‘priation doctrine, water rights are severable 
from the land, and one may own water rights 
without owning any land whatsoever. 


Surface Rights 


The key elements of the doctrine of prior 
appropriation are: the specific types of water 
Tights, the seniority system for determining 
priority of use, the preference system for dis- 
tinguishing among types of water uses, op- 
‘tions for transfer of water rights between 
)parties, and policies for determining the 
abandonment of water rights. 


‘Types of Water Rights 


There are two categories of water rights: 
conditional and absolute. A potential user ac- 
‘quires a conditional water right by filing for a 
‘conditional decree from the State water 
‘courts and then proceeding diligently to- 
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teria prepared under the provisions of the 
CRSP Act of 1968. As indicated, the quantity 
of surface water available to the three States 
under the terms of the various documents 
could be as low as 4.94 million acre-ft/yr and 
as high as 8.68 million acre-ft/yr. The lower 
figure is more realistic for planning purposes. 


Doctrine of Prior Appropriation 


wards the actual use of the water. An abso- 
lute water right is created when a holder of a 
conditional right perfects that right by actual- 
ly diverting the water and applying it to a 
beneficial use. Beneficial uses have been de- 
fined to include any use in which water is not 
wasted. 


Within each category there are two types 
of water rights. A direct flow or diversion 
right permits the diversion of water from a 
stream followed by its immediate application. 
A storage right permits the impoundment of 
water for later application. None of the three 
States recognizes the right of private parties 
to require that sufficient stream flows be 
maintained for the protection of instream 
uses, such as rafting and fishing. However, a 
Colorado law permits that State to obtain wa- 
ter rights for sufficient flows to preserve the 
natural environment to a reasonable degree. 


In Colorado, the water rights are adjudi- 
cated by the State Water Courts and adminis- 
tered by the State engineer. The right to ap- 
propriate water is limited only in that prop- 
erty rights of other parties cannot be im- 
paired. A conditional right is automatically 
granted if the user proceeds with due dili- 
gence towards perfection of the right and if 
the rights of other users are not jeopardized. 
Neither the courts nor the executive branch 
of government has discretionary authority 
over the type, place, or quantity of use. Fur- 
thermore, the State has no power to remove a 
stream or any portion of its waters from ap- 
propriation. The State engineer only monitors 
the system to assure that rights are protected 
and water is not wasted. 
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In Utah and Wyoming, a permit system is 
employed in which the right to appropriate 
water must be approved by the State engi- 
neer. He must consider the water rights of 
others, but is also allowed to consider public 
interest or public welfare when passing on an 
application for appropriation. Thus, in con- 
trast to Colorado, the governments of Utah 
and Wyoming have discretionary authority to 
approve some uses and deny others. Use of 
this power has been minimal. 


It is noteworthy that the continuation of 
conditional decrees requires only due dili- 
gence and not actual use. In the past, rights 
have been granted liberally by all three 
States and as a result, the quantities of water 
covered by conditional decrees far exceed 
the available resources. Not all of the condi- 
tional decrees have been perfected, and rela- 
tively little of the claimed water is actually 
being used. Consequently, surplus surface 
water appears to be available in the oil shale 
region. However, all of it has already been 
claimed, in part by oil shale developers. Simi- 
lar situations prevail in Utah and Wyoming. 


Seniority of Water Rights 


The prior appropriation doctrine is based 
on the principle of ‘“‘first-in-time, first-in- 
right.’’ Thus, the more senior (older) the wa- 
ter right, the higher its priority for the use of 
limited resources. If shortages occur, user 
rights that are junior in terms of the initiation 
date are curtailed to assure water supplies to 
users with more senior rights. Only when the 
most senior rights have been satisified do less 
senior users have any rights to water. 


The date of a right, assuming the appro- 
priation goes forward diligently to comple- 
tion, is the date of the first act evidencing an 
intent to take water for beneficial use. In gen- 
eral, this is the date on which the application 
for a conditional decree was filed. In Col- 
orado, a State statute makes most water 
rights a matter of public record. Rights to sur- 
face water are established solely by the ac- 
tions of individual users, but these rights are 
legally protected only if they are formalized 


by water court decrees in Colorado or by the 
permitting process in Utah and Wyoming. 


Preference Systems 


A preference system has been established 
in each State to apportion water among dif- 
ferent beneficial uses during times of short-— 
age. Under its provisions, drinking water or 
municipal users have first preference, agri- 
culture is second, and industry is third. The 
preference system overrides the seniority 
system; water rights with a lower preference 
may be condemned in favor of a higher pre- 
ferred use, even if the preferred water right 
is junior to the displaced right. In most cases, 
just compensation would be required for dis- 
placed senior water rights. 


Transfer of Water Rights 


Water rights are considered real property 
and may be sold or transferred.** They are 
conveyed by deed and may be severed from 
the land on which the water was originally 
used. In Colorado, such transfers are re- 
viewed by the water courts and may only be 
denied if other users would be harmed. In 
Utah and Wyoming, application for transfer 
is made before the respective State engineer, 
who decides whether harm will occur to 
other users and also considers public interest 
and other factors. Sale and transfer of water 
rights is complicated by the need to protect 
junior appropriators, seasonal rights of some 
users, appurtenance (right-of-way) of water 
rights to land, and preferred use as defined 
by the individual States. 


Abandonment of Water Rights 


In all three States, absolute water rights 
may be partially or completely lost by aban- 
donment. In Colorado, failure to use an abso- 
lute right for a period of 10 years constitutes 
prima facie evidence of abandonment. The 
Status of water rights is reviewed periodical- 
ly by the division engineer in each of the 
State’s water divisions. In Utah and Wyo-_ 
ming, abandonment is defined as nonuse fora _ 


| period of 5 years. Unlike Colorado, these 
| States have no provisions for a continuing re- 
view of the status of water rights. 


Ground Water Rights 


In Colorado, tributary ground water 
| (ground water that is hydrologically con- 
| nected to the surface water system) is treated 
essentially the same as a surface flow and 
thus is subject to the prior appropriation doc- 
| trine. Nontributary ground water (ground 
| water that does not reach surface streams) is 
divided into two categories: designated 
| ground water basins and nondesignated 
ground water areas. Nontributary ground 
| water resources in designated basins are 
| controlled by a permit system through the 
‘State Groundwater Commission. Nontribu- 


| The Federal reserved rights doctrine origi- 
‘nated in the Supreme Court decision in Win- 
‘ters v. United States (207 U.S. 564 (1908)) re- 
‘garding Indian water rights. It was held that 
‘when Indian reservations were established 
by treaty with the United States, sufficient 
;water to supply all Indian lands was also 


ciency. Rather, it reflected the opinion that 
Indian reservations were created to trans- 
‘form a nomadic people into permanent set- 
tlers and that those people required suffi- 
‘cient water for irrigation.” 


A major effect of this decision is that the 
water rights set aside for Indian reservations 
‘were interpreted to be superior to those of all 
‘other subsequent appropriators who ob- 
\'tained their rights under State law, even 
‘though the Indian tribes had not yet put their 
\rights to beneficial use. Federal rights were 
\ithus entered into the prior appropriation 
system of each affected State, together with 
‘all other applicants and appropriators. 


In Arizona v. California, the Court ex- 
\tended the reserved right doctrine to Indian 
|iteservations created by Executive order and 


‘reserved. The Court did not quantify suffi-- 
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tary ground water in nondesignated ground 
water areas, on the other hand, is subject to 
prior appropriation. Permits for wells must 
be obtained from the State engineer, and 
ground water rights must be adjudicated by 
the water courts to assure legal protection, 
just as with a surface right. Small wells (less 
than 15 gal/min) for livestock or domestic use 
have been defined by law to cause no injury 
and are exempt from such regulations. 


In Utah, all ground water is subject to the 
appropriation doctrine. Rights are adminis- 
tered by the State engineer and permits for 
wells may be sold as any other water rights. 
In Wyoming, permits must be obtained for 
any ground water use. Livestock watering 
and domestic uses have preference over all 
other rights, regardless of seniority. 


Federal Reserved Rights 


to other Federal reservations such as na- 
tional recreation areas, wildlife refuges, and 
national forests. In addition, the Court ad- 
dressed the question of the quantity of water 
reserved for Indian use. It held that water 
was intended to satisfy the future as well as 
the present needs of Indian reservations, and 
ruled that sufficient water would be reserved 
to irrigate all the practicably irrigable acre- 
age on the reservations.”* 


A further Supreme Court decision in 
United States v. New Mexico (98 Sup. Ct. 3012 
(1978)) attempted to resolve the uncertainty 
over the qualification of Federal reserved 
water rights for areas other than Indian res- 
ervations. The Court concluded that the doc- 
trine applied only to the original purposes of 
the reservations, and that reserved water 
rights could not be used for other purposes.” 
For example, the rights associated with a na- 
tional forest could be used for maintaining 
the forest and its wildlife, but not for indus- 
try, farming, or oil shale development. 


While the Supreme Court has served notice 
that it will interpret the purpose of Federal 
reservations narrowly, a number of uncer- 
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tainties remain concerning the quantities of 
water that could be claimed to serve these 
purposes. With regard to Indian reserva- 
tions, for example, it is still uncertain how 
much water will be claimed, how much will 


be used, whether the use must take place on 
the reservation, and whether rights can be 
sold or leased for uses outside the reserva- 
tion. 


Physical Availability of Surface Water for Oil Shale Development 


Introduction 


The size of the industry that could be sup- 
ported by surplus surface water is affected 
by the following factors: 


e the long-term average virgin flow in the 
Colorado River system (this determines 
the gross quantity of water that is avail- 
able); 

e the compacts and other documents that 
constitute the law of the river (these de- 
termine how the gross water supply is al- 
located among the basins and States); 

e the demands of other users (these con- 
sume part of the allocation to each State, 
the remainder is the surplus); 

e the oil shale technologies employed 
(these determine how much water the in- 
dustry would need); 

e the siting of the facilities (this deter- 
mines how the industry's water de- 
mands will be distributed among Colora- 
do, Utah, and Wyoming); and 

e the timing of their construction and the 
duration of their operation. 


The final factor is particularly important. 
The region’s surface water resources are 
finite, and they are not large. In the past, they 
have generally been adequate, when supple- 
mented by reservoir storage, to satisfy the de- 
mands of all users. At present, there is plenty 
of surplus water for a very large oil shale in- 
dustry, but the surplus is shrinking because 
of population growth (both in the Upper Basin 
and in the urban areas to which its waters 
are exported), accelerated mineral resource 
development, increases in irrigated agricul- 
ture, and expansions of other activities. 


In the future, there may not be enough 
water for oil shale unless the demands of 


other users are partially curtailed. When this 
will occur is not known. If it happens before 
the plants are built or during their useful life, 
then social and economic dislocations would 
result. If, on the other hand, it occurs after 
conservation and the development of other 
energy sources have sufficiently diminished 
the demand for liquid fuels, then the disturb- 
ances caused by the temporary presence of 
an industry may not be overwhelming. 


This section evaluates whether the surface 
water resources in the Upper Basin are phys- 
ically adequate, and legally available, to sup- 
port a large industry. Availability is analyzed 
for the Upper Basin as a whole, and for the 
hydrologic subbasins that are likely to be af- 
fected. The factors analyzed were highlighted 
above. Following is a summary of the assump- 
tions made and of the sources of supporting 
information. 


Virgin Flow 


An annual average flow of 13.8 million 
acre-ft/yr past Lee Ferry is assumed. This is 
the running average between 1930 and 1974. 
Virgin flows have been calculated since 1896, 
and the 1896-1974 average is considerably 
higher—15.2 million acre-ft/yr. However, the 
natural flows (the basis of the calculated 
virgin flow) have been measured more accu- 
rately since 1930, and the 1930-74 average is 
considered a better estimate. The effects of 
flow fluctuations around the 13.8 million 
acre-ft/yr average are discussed in the issues 
section. 


Law of the River 


It is assumed that the allocation to the Up- 
per Basin is determined by the operating cri- 


teria promulgated for CRSP reservoirs by the 
Department of the Interior (DOI). These cri- 
teria require a minimum discharge of 8.23 
million acre-ft/yr from the Lake Powell Reser- 
voir into the lower Colorado River. This in- 
corporates the Lower Basin’s allocation 
under the Colorado River Compact of 1922 
(7.5 million acre-ft/yr), plus one-half of the 
Mexican treaty obligation (750,000 acre-ft/ 
yr), less the contribution of the Paria River 
(20,000 acre-ft/yr), which discharges into the 
Colorado River between Lake Powell and Lee 
Ferry. The Upper Basin States do not agree 
with these criteria. The effects of other inter- 
pretations of the law of the river are dis- 
cussed in the issues section. 


It is also assumed that flows allocated to 
the Upper Basin are distributed according to 
the Upper Colorado River Basin Compact of 
1948. As indicated previously, this compact 
allocated 50,000 acre-ft/yr to Arizona and, of 
the remainder, 51.75 percent to Colorado, 23 
percent to Utah, 14 percent to Wyoming, and 
11.25 percent to New Mexico. 


Demands of Other Users 


Section 13(a) of the Federal Nonnuclear 
Energy Research and Development Act of 
1974 directed the U.S. Water Resources 
Council to assess the water requirements of 
emerging energy technologies and the avail- 
ability of water for their commercialization. 
Studies were to be undertaken at the request 
of the Energy Research and Development Ad- 
ministration (ERDA). In 1977, ERDA re- 
quested three such ‘‘13(a)’’ assessments, one 
directed to the water-resource aspects of oil 
Shale development and coal gasification in 
the Upper Basin. Oversight for these projects 
was transferred to the Department of Energy 
(DOE) in 1978. 


The Upper Basin 13(a) assessment was or- 
ganized under the management of DNR of the 
State of Colorado. DNR’s work has been re- 

viewed by an interagency, intergovernmental 
‘steering committee that includes represent- 
atives of the Arizona Water Commission, the 
‘Colorado Water Conservation Board, the 
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New Mexico Interstate Stream Commission, 
the Utah Division of Water Resources, the 
Wyoming State Engineer’s Office, the U.S. 
Soil Conservation Service, the Department of 
Commerce, DOE’s Denver Project Office, the 
Region VIII Office of the Department of Hous- 
ing and Urban Development, USBR, and EPA. 
Technical assistance and studies were pro- 
vided by USBR (hydrologic modeling), the U.S. 
Fish and Wildlife Service (USFWS) (fishery 
and recreational impacts), the U.S. Heritage 
Conservation and Recreation Service (recrea- 
tional data), Los Alamos Scientific Labora- 
tory (economic modeling), the U.S. Soil Con- 
servation Service (agricultural water con- 
sumption and conservation), the U.S. Geologi- 
cal Survey (USGS) (water quality), and sev- 
eral private contractors. 


Because of this broad support and review 
base, DNR’s estimates of present and future 
water depletions appear to be the best avail- 
able for the period between 1980 and 2000. 
OTA has relied on the values provided for 
‘conventional’? (nonoil shale) depletions to 
define the baseline water-demand conditions 
under which the oil shale industry could be 
established. DNR’s results have also been 
used to evaluate water-supply options in the 
areas in which oil shale development is most 
likely to occur. 


DNR projected water consumption pat- 
terns for conventional activities in 2000 
based on low, medium, and high regional 
growth rates. The medium-growth scenario, 
which was based on declared plans by the 
various users for expanding their water 
needs, is considered by the States to be the 
most realistic. The high growth rate scenario 
was derived from the medium scenario by as- 
suming that announced projects would be 
finished sooner than expected or would con- 
sume more water than anticipated. A few 
projects not considered in the medium-growth 
scenario are included in the high-growth sce- 
nario. The low-growth scenario was derived 
by assuming project delays or lower than an- 
ticipated water consumption. In this section, 
OTA considered only the medium growth 
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rate. The low and high rates are considered 
in the issues section. 


Oil Shale Technologies 


It is assumed that the technology mix used 
by any future industry will resemble that of 
the projects presently active or proposed. The 
characteristics of this industry were de- 
scribed in table 76. About 51 percent of the 
facilities use indirectly heated AGR, 33 per- 
cent directly heated AGR and MIS, and 16 
percent a combination of MIS and indirectly 
heated AGR. On this basis, each plant would 
require about 8,500 acre-ft/yr for production 
of 50,000 bbl/d of shale oil syncrude. The ef- 
fects of other technology mixes are discussed 
in the issues section. 


Distribution of Facilities 


If the siting pattern of the present projects 
were extended to a major industry, 68 per- 
cent of the production would be based in Col- 
orado, 32 percent in Utah, and none in Wyom- 
ing. Although they are of lower quality, some 
development of Wyoming shales may occur if 
a major industry is established. Therefore, it 
was assumed that approximately 5 percent of 
future production will come from Wyoming, 
about 70 percent from Colorado, and about 
25 percent from Utah. This assumption deter- 
mines which hydrologic subbasins will be im- 
pacted. It also determines how much of the 
production could be sustained by the exten- 
sive ground water resources of the Piceance 
Basin. In this section, it is assumed that all of 
the plants rely on surplus surface water. The 
possible substitution of ground water is 
discussed in the issues section. 


Timing and Lifetime of the Projects 


It is assumed that the facilities will be in- 
stalled before 2000, regardless of the indus- 
try’s size. As discussed in the other chapters, 
establishing a large industry this quickly may 
be difficult. 


The Availability of Surface Water in the 
Upper Colorado River Basin 


Water Consumed by Conventional Activities 


At present, the following activities con- 
sume surface water in the Upper Basin: 


e thermal power—for steam-electric pow- 
er generation; 

e agriculture—for irrigation, watering 
stock, and other agricultural purposes; 

e wildlife and recreation—for mainte- 
nance of fish, wildlife, and recreational 
areas; 

¢ minerals—for extraction, processing, 
and transporting ores and concentrates; 

¢ municipal and industrial—for domestic, 
commercial, retail, and manufacturing 
facilities, including final processing of 
raw materials into finished products; 
and 

e exportation—for diversion and trans- 
portation to other basins or to other 
areas within the Upper Colorado River 
Basin. 


Water consumption patterns for these ac- 
tivities, at present and as projected to 2000, 
are shown in table 78. Agriculture presently 
depletes nearly 71 percent of the total, water 
exports are the second highest category at 24 
percent, and the remaining 5 percent is dis- 
tributed fairly evenly among the other uses. A 
comparison with the year 2000 projections in- 
dicates shifts both in the absolute quantities 
of water consumed and in the distribution of 
consumption among the various activities. 
The following trends are indicated: 


e Agricultural water consumption is pro- 
jected to increase by 19 percent. How- 
ever, agriculture’s share of total con- 
sumption is projected to decrease to 61 
percent from its present level of 71 per- 
cent. 

e Thermal power’s water consumption is 
projected to increase by a factor of 6. 

e Exportation of water is projected to in- 
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Feed for livestock consumes large amounts of the available water 
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Table 78.—Present and Projected Water Depletions for Activities Other Than 
Oil Shale Development in Colorado, Utah, and Wyoming (thousand acre-ft/yr) 


Present 
Colorado —- Utah Wyoming Total 
Thermal power....... 10 iG 18 8) 
AGHOUITUTC ee maes Eee 1,197 527 279 2,003 
Wildlife and recreation . hs) ) 6 30 
Min elalSieeee nen 19 12 21 D2 
Municipal and industrial 21 10 4 30 
EXpailatighie reenact 541 132 ih 680 
iP Otale ea watas oe ae 1,803 697 335 2,835 


Year 2000 
Percent Colorado —— Utah Wyoming Total Percent 
ine 74 64 83 221 Dar 
70.7 1,380 671 330 2,381 61.3 
1.4 28 9 20 57 ile) 
1.8 33 12 64 109 2.8 
Wee 49 19 8 76 2.0 
24.0 757 262 22 1,041 26.7 
100.0 Aaya 1,037 527 3,885 100.0 


SOURCE: Colorado Department of Natural Resources, Upper Colorado River Region Section 13 (a) Assessment: A Report to the U.S. Water Resources Council, draft, August 1979. 


crease by 53 percent. The proportion of 
total depletions exported, however, will 
remain at about 25 percent. 

e At present, the oil shale States together 
consume about 2.84 million acre-ft/yr. 
The total depletion would increase 37 
percent to 3.89 million acre-ft/yr. 


These trends are considered below in con- 
junction with law of the river allocations to 
estimate the quantitites of surplus water that 
would be available to support additional re- 
gional growth. 


Estimation of Surplus Water in the 
Upper Basin 


Surplus water is defined as the difference 
between the water allocated and the total 
water consumption, which includes water 
used for beneficial purposes plus reservoir 
evaporative charges.* As discussed previous- 
ly (see table 77), the oil shale States should be 
entitled to a total of 4.94 million acre-ft/yr: 
2.88 million to Colorado, 1.28 million to Utah, 
and 0.78 million to Wyoming. In table 79, esti- 
mates are given for the quantities of surplus 
surface water at present and in 2000. At 
present, approximately 1.66 million acre- 
ft/yr of surplus water is available. By 2000 
the surplus would be reduced to about 
469,000 acre-ft/yr. These surpluses are legal- 
ly available to the States. If all the present 


*The term “‘reservoir evaporative charges” refers to the 
total amount of water that evaporates from certain reservoirs 
in the Upper Basin. The States are charged on a percentage 
basis for losses from reservoirs that are built to serve the en- 
tire Upper Basin. Evaporation from reservoirs built for a spe- 
cific State are charged entirely to that State. 


surplus were reserved for oil shale develop- 
ment, an industry of about 9.76 million bbl/d 
could be accommodated. The projected sur- 
plus in 2000 would support a 2.76-million- 
bbl/d industry without disrupting other users. 


A more precise analysis, which considered 
seasonal flow fluctuations, return flows from 
irrigated fields, effects of fill rates, and sus- 
tained depletions on reservoir evaporation, 
was performed for DNR with USBR’s Colora- 
do River system simulation model. The model 
predicted a natural discharge from Lake 
Powell of 8.63 million acre-ft/yr in 2000 
—400,000 acre-ft/yr more than the minimum 
discharge requirement, but 69,000 acre-ft/yr 
less than the year 2000 surplus shown in 
table 79. The surplus would support an oil 
shale industry of 2.35 million bbl/d in the Up- 
per Basin. However, the industry’s total ca- 
pacity would be further reduced by the Upper 
Colorado River Basin Compact of 1948 that 
governs how water can be distributed among 
the individual States in the Upper Basin. The 
effects of this compact are indicated in table 
80, where the 400,000-acre-ft/yr surplus is 
distributed among Colorado, Utah, Wyoming, 
and New Mexico according to the compact’s 
percentage formula. As shown, the total 
shale oil capacity would be 2.09 million bbl/d: 
1.22 million in Colorado; 541,000 in Utah; and 
320,000 in Wyoming. 


It is important to note that these calcula- 
tions apply to average flow conditions in the 
Colorado River system. During dry years, nat- 
ural flows out of Lake Powell might not be suf- 
ficient to satisfy the delivery requirement to 
the Lower Basin and might have to be aug- 
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Table 79.—Estimation of Surplus Surface Water in Colorado, Utah, and Wyoming at Present and in 2000 (thousand acre-ft/yr) 


Present Year 2000 
Colorado Utah Wyoming Total Colorado Utah Wyoming Total 
Total water use?.......... 1,803 697 335 2,835 2,321 1,037 527 3,885 
Evaporation® tt 259 iat 70 444 334 148 104 586 
Total consumption ..... 2,062 812 405 3,279 2,655 1,185 631 4,471 
CE ne a 2,880 1,280 780 4,940 2,880 1,280 780 4,940 
2 STEER ieee aR 818 468 375 1,661 225 95 149 469 


Data from table 78. 


Destimated charges for CRSP reservoirs. Present values provided by Roland Fischer, Colorado River Water Conservation District. Year 2000 estimates by the Colorado Department of Natural Resources. 
CAssumes 13.8-million-acre-ft/yr virgin flow at Lee Ferry, 8.23-million-acre-ft/yr Lake Powell discharge; distribution of flows and evaporative charges per the percentage formula of the Upper Colorado 


River Basin Compact of 1948. 
SOURCE: Office of Technology Assessment. 


Table 80.—Maximum Shale Oil Production 
Based on Surplus Surface Water in 20002 


Assumed virgin flow at Lee Ferry, million acre-ft/yr® . 13.8 
Surplus surface water available, acre-ft/yr° 
NEW MEXICO.) ra en eae ek ok knack SEAM 45,000 
GODT Be co ceapeie Mage ones Same 3 Te Sucre ae 207,000 
LEU oes ho AU a Ae Ree a ROR OA Unset ane Rr i 92,000 
WUOGUINGE 618.0. c%oki Rect: Rac ee america AGee Ck tae. Eeemeaee 56,000 
otal Aye we boys Oe Act eee Hs, 400,000 
Shale oil capacity, million bbl/d¢ 
TU TILG Dose Bie ae ces ig Ae Eee ices Oe ieee 
Cal ee ata Ss A a mics cee. MMe A ade 0.54 
VMOU G Reais 5° Phe. Pee Seek ae Oe OFS3 
otalevas hee retratee rer re the) eth 2.09 


4Assumes 8.23 million acre-ft/yr annual discharge from Lake Powell. Distribution among the Up- 
per Basin States according to the Upper Colorado River Basin Compact of 1948. 

64930-74 annual average. 

Based on year 2000 depletion projections for nonoil shale users. ‘‘Medium’’ growth rate 
scenario. 

dBased on 8,500 acre-ft/yr for production of 50,000 bblI/d of shale oil syncrude. 


SOURCE: Office of Technology Assessment. 


mented by discharge from the Upper Basin 
reservoirs. As noted earlier, these were built 
to allow the Upper Basin States to satisfy 
their delivery requirements to the Lower 
Basin. Their active capacity is expected to be 
about 35 million acre-ft in 2000. If virgin 
flows dropped to say, 12.9 million acre-ft/yr 
and stayed there,* the reservoirs could offset 
the 0.9-million-acre-ft/yr shortfall for only 
about 39 years. 


In summary, surplus surface water legally 
available to the oil shale States could support 
a shale industry of about 2.1 million bbl/d 
through 2000. This conclusion is based on one 


*This appears to be the lower limit for long-term virgin flows 
in the Colorado River system. See the issues section of this 
chapter. 


interpretation of the law of the river, one set 
of depletion estimates for conventional users 
in 2000, one assumed value of virgin flow, 
and an industry that employs a technology 
mix similar to that being developed in the 
present projects. If a different basis were se- 
lected, the estimated capacity of the industry 
could be significantly different. Some other 
bases are discussed in the issues section of 
this chapter. 


The conclusion also does not account for 
regional and local supply impediments that 
could affect facility siting and thereby deter- 
mine the ultimate size of the industry. The 
next section evaluates water availability with 
respect to specific development sites within 
specific hydrologic basins in the oil shale 
area. 


Water Availability in Hydrologic Basins 
Affected oy Oil Shale Development 


Oil shale development is likely to affect 
three hydrologic subbasins: 


e the Green River basin in the southwest- 
ern corner of Wyoming, which includes 
the northern mainstem of the Green 
River and its tributaries; 

e the White River basin, which encom- 
passes the northern portion of the Pi- 
ceance basin and the eastern portion of 
the Uinta basin, and whose tributaries 
include the White and Yampa Rivers to 
their confluence with the Green River in 


386 © An Assessment of Oil Shale Technologies 


eastern Utah, plus streams flowing north 
out of the Piceance basin into these 
rivers; and 


e the Colorado River mainstem basin, 
which includes the Colorado River main- 
stem in Colorado, streams that flow 
south from the Piceance basin into the 
Colorado, and upstream tributaries at 
higher elevations. 


The impacts on these subbasins can be esti- 
mated only after certain assumptions are 
made regarding the locations of the oil shale 
plants and the timing of their construction. If 
the trend indicated by the present oil shale 
projects were continued, about 40 percent of 
the shale oil production would come from the 
White River basin in Colorado, 30 percent 
from the Utah portion of that basin, and 25 
percent from the basin of the Colorado River 
mainstem in Colorado. The remaining 5 per- 
cent might come from as-yet unannounced 
projects in Wyoming’s Green River basin. The 
water requirements for a 1-million-bbl/d in- 
dustry distributed in this manner are indi- 
cated in table 81. Also shown are the water 
requirements for conventional uses in 2000, 
as projected by DNR under its medium 
growth rate scenario. As shown, the industry 
would increase the total water consumption 
in the three subbasins by about 10 percent. 
The increases in the Green River and Colora- 
do mainstem basins would be relatively small, 
but water demands in the White River basin 
would increase by nearly 150 percent. 


The Adequacy of Surface Water Resources 
by Hydrologic Basin 


In the Green River basin, water depletions 
for a 1-million-bbl/d oil shale industry would 
be approximately 8,500 acre-ft/yr. Two major 
Federal reservoirs within this basin, Flaming 
Gorge and Fontenelle, have well over 100,000 
acre-ft/yr of surplus water in storage that is 
available for sale to industrial users such as 
oil shale developers. Consequently, there is 
more than enough water available within the 
basin to provide for projected growth. It is un- 
likely that any new reservoirs will be needed. 


Oil shale development would have a great- 
er effect on the White River basin. With a 1- 
million-bbl/d industry, depletions would ap- 
proach 200,000 acre-ft/yr by 2000. About 60 
percent would be used for oil shale. These de- 
pletions would strain the water resources of 
the White River because its total annual flow 
at the boundary of the basin is only about 
568,000 acre-ft/yr, 61 percent of which oc- 
curs between April and July. Although sever- 
al oil shale plants could be supplied from ex- 
isting resources, new reservoirs would be 
needed and river flows would be substantial- 
ly reduced. 


According to DNR, only about 6,000 acre- 
ft/yr could be obtained from streams within 
the Piceance basin because of their low 
streamflows. A 1-million-bbl/d industry would 
require an additional direct-flow diversion of 
4,500 acre-ft/yr from the White River below 


Table 81.—Water Requirements by Hydrologic Subbasin for a 1-Million-bbl/d Industry in 2000 


Water for conventional 


Oil shale industry 


Increase due to 


Subbasin uses, acre-ft/yra Oil capacity bbI/d Water acre-ft/yr® — Total water acre-ft/yr oil shale, percent 
White River, Colo. and Utah. . 80,000 700,000 119,000 199,000 149 
Colorado mainstem, Colo. . . . 1,220,000 250,000 42,500 1,262,500 On0 
Green River, Wyo. ........ 482,000 50,000 8,500 490,500 1.8 
OLA ASE ics s.te dln a 1,782,000 1,000,000 170,000 1,952,000 9.5 


4Conventional uses include thermal power, agriculture, wildlife and recreation, minerals, municipal and industrial, and exports. Estimates for the Colorado Department of Natural Resources medium growth 


rate scenario. 
Based on 8,500 acre-ft/yr for production of 50,000 bbi/d of shale oil syncrude. 


SOURCE: Office of Technology Assessment. 


Meeker, a reservoir with an active capacity 
of 60,000 acre-ft on the south fork of the 
White River in Colorado, and a 120,000-acre- 
ft reservoir on the White River mainstem in 
Utah. An industry of more than 2 million bbl/d 
would require these facilities plus a 35,000- 
acre-ft reservoir on the White River main- 
stem between Meeker and Piceance Creek, a 
total of 35,000 acre-ft of active capacity in 
several smaller reservoirs along ephemeral 
streams in the Piceance basin, and a reser- 
voir of about 10,000 acre-ft/yr along Piceance 
Creek. All reservoirs would store spring 
runoff. Water from the White River would be 
pumped to the reservoirs in the Piceance ba- 
sin during the rest of the year. 


Within the Colorado mainstem basin, oil 
shale development would increase water de- 
pletions only slightly. However, large water 
demands would be imposed by the growth 
rates projected for other uses, especially irri- 
gated agriculture. Reservoirs may be needed 
to supply both irrigation and oil shale devel- 
opment. DNR considered four siting schemes 
for reservoirs in this basin. 


In the first scheme, reservoirs would be 
built at high elevations along tributaries like 
the Roaring Fork and Eagle Rivers. Spring- 
time runoff would be trapped for release over 
the dry months. The released water would be 
recovered from the Colorado River below Ri- 
fle and pumped to the oil shale plants. The 
only appreciable inflows to the reservoirs 
_ would occur in the spring and large active ca- 
_ pacities would be needed to sustain outflows 
during the dry seasons. Total capacities 
might exceed 50,000 acre-ft for a 1-million- 
_ bbl/d industry. 


The second scheme also involves reservoirs 
on upstream tributaries but at lower eleva- 
tions to permit capture of agricultural return 
flows and of water from secondary streams. 
A total storage capacity of 30,000 to 50,000 
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acre-{t would be needed. The third scheme in- 
volves direct flow diversions from the Colo- 
rado River below Rifle, in conjunction with 
reservoirs on the Colorado mainstem or in 
side canyons in the Piceance basin. A 1-mil- 
lion-bbl/d industry could be supplied with a 
30,000-acre-ft/yr diversion and a _ 15,000- 
acre-ft reservoir. The reservoir could be lo- 
cated in a dry canyon because it would be 
supplied with pumped water from the Colora- 
do mainstem and would not rely on local 
stream flows. 


In the fourth scheme, 50,000 acre-ft/yr of 
surplus water would be purchased from ex- 
isting USBR reservoirs (such as Reudi Reser- 
voir) and pumped to the oil shale facilities. 
This would supply all of the water required 
for that portion of a 1-million-bbl/d industry 
projected for the Colorado mainstem basin. 
Larger levels of production could be sup- 
ported by any of the other three schemes, 
with reduced storage and diversion require- 
ments. 


In summary, new storage requirements for 
a 1-million-bbl/d industry could range from 
180,000 acre-ft, with reservoirs in the White 
River basin and no storage in the Colorado 
mainstem basin, to about 230,000 acre-ft for 
storage in both basins. The maximum storage 
requirements would be encountered if high- 


_ altitude reservoirs were built. Less storage 


would be needed if most water was obtained 
by direct diversions from the mainstem riv- 
ers. The additional reservoirs would increase 
reservoir capacity in the Upper Basin by 
about 0.6 percent. Evaporative losses from 
the new reservoirs should also be charged 
against the industry. Their precise magnitude 
would depend on the characteristics of the 
new reservoirs and their sites, but should add 
only a small percentage to each shale plant’s 
annual water requirements. 
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Water Acquisition Strategies and Their Costs 


The following strategies could be used 
either alone or in combination to supply 
water to oil shale facilities: 


e perfection of conditional water right de- 
crees, 

e purchase of surplus water from Federal 
reservoirs, 

e purchase of water supplies and water 
rights from irrigated agriculture, 

e ground water development, and 

e interbasin diversions. 


A brief discussion of each strategy and its 
associated costs follows. Constraints and im- 
pacts are discussed later. 


Perfection of Developer Water Rights 
Description 


Most potential oil shale developers have al- 
ready acquired water rights. Some were ob- 
tained by direct filings through the prior ap- 
propriation system. These are now in the 
form of conditional decrees both for storage 
and for direct-flow diversions. Exact yields 
are not available because they are consid- 
ered proprietary information by the compa- 
nies. The rights are believed to be large but 
relatively junior. The oldest was acquired in 
1949. 


Other rights were purchased from irri- 
gated agriculture. Most of these are relative- 
ly senior absolute rights that were perfected 
by the seller. To avoid a declaration of aban- 
donment, some developers have allowed the 
sellers to continue to use the water for farm- 
ing. Little information is available regarding 
the potential yields of these rights. However, 
total historic consumption, which would de- 
termine the quantities of water that could be 
transferred to oil shale development, could be 
as low as 10,000 to 20,000 acre-ft/yr.”8 


An idea of the extent of developers rights 
can be gotten by examining their water posi- 
tions in 1968.” Conditional storage rights held 


by some potential developers at that time are 
tabulated below: 


Developer Storage rights, acre-ft 
EXXONg.4 ae aet beta 122,000 
Mobil cian. ced castes ete orci 66,000 
Getty Ol mato ao 53,000 
pinclairig. Weer 51,500 
TOSCO™ rs ay. ae 34,600 

Totaly Sa veoet oe te. 327,100 


These companies also owned conditional de- 
crees to over 1 million acre-ft/yr of direct- 
flow diversions from the Colorado and White 
Rivers and their tributaries. Substantial 
rights were also held for ground water. Supe- 
rior Oil, for example, held conditional de- 
crees to over 2,400 acre-ft/yr of ground water 
in the Piceance basin. 


The rights of the limited sampling of com- 
panies shown above could support an indus- 
try of nearly 8 million bbl/d and would be suf- 
ficient for the shale oil production levels pro- 
jected for the near term. 


Developers who do not presently own 
rights could file for new ones. In general, this 
option is considered undesirable because the 
quantity of water covered by rights issued to 
date already exceeds the resources of the 
river system. Any new rights would be junior 
to those of all other users and therefore the 
most likely for curtailment during water 
shortages. 


Filing for new rights might be feasible for 
near-term development, however, because of 
the improbability that all of the water cov- 
ered by present conditional decrees will be 
put to use for several decades. The long-term 
feasibility of this strategy is highly uncertain 
because supply curtailments will become 
more likely as regional growth proceeds. To 
assure supplies in the long term, new filings 
would have to be merged with other strate- 
gies. 
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Costs 


The costs of acquiring these kinds of rights 
are negligible, comprising only legal fees for 
recording the water claim, and for pursuing 
any resultant litigation, and small annual in- 
vestments to demonstrate due diligence. The 
costs incurred by developers when they pur- 
chased their current irrigation rights are 
unknown but were probably small. There- 
fore, the costs of water supplies obtained 
through the prior appropriation system com- 
prise only the costs of transporting the water 
from the diversion point to the oil shale site. 
Transportation costs are discussed later with 
respect to intrabasin diversions. 


Purchase of Surplus Water From 
Federal Reservoirs 


Description 


Oil shale developers could also purchase 
surplus water from reservoirs operated by 
USBR and other entities. Various amounts of 
water are presently available from existing 
reservoirs in the oil shale area. As noted 
previously, the Flaming Gorge and Fontenelle 
Reservoirs in the Green River basin have suf- 
ficient surplus water for much more shale oil 
production than is likely to occur in the basin 
in the near term. This water is not being used 
for any purpose and could be made available 
to oil shale developers. 


In the basins of the White River and the 
Colorado River mainstem, surplus water in 


storage is adequate for initial development. 
For example, Green Mountain and Reudi Res- 
ervoirs in the Colorado mainstem basin could 
supply about 100,000 acre-ft of surplus 
water, which would be sufficient for nearly 
600,000 bbli/d of shale oil production. How- 
ever, existing reservoirs could not support a 
larger industry unless other users were par- 
tially curtailed. Therefore, new reservoirs 
would have to be built. New pipelines would 
also be needed in all three basins to divert 
water to the oil shale plants. 


Costs 


Reservoir construction costs are highly 
site-specific and are reflected in the charges 
for purchased water. These charges vary 
widely from reservoir to reservoir. Although 
charges for existing reservoirs are known, 
only rough estimates are available for new 
reservoirs. 


Some examples of long-term contracts for 
water from existing USBR reservoirs are 
shown in table 82. As shown, charges in the 
late 1960’s were from $7 to $11/acre-ft while 
previous charges were less than $1/acre-ft. 
The highest charge, $22.54/acre-ft in 1972, is 
for a small diversion from the Emery County 


reservoir. Because future contracts will be 


negotiated individually, water costs cannot 
be accurately predicted, although it seems 
unlikely that they would be much higher than 
$25/acre-ft. 


Table 82.—Examples of the Charges for Purchasing Surplus Surface Water From U.S. Bureau of Reclamation Reservoirs 


Year of Quantity of Unit cost, 
Project/ reservoir River basin Purchaser contract diversion, acre-ft/yr $/acre-ft 
Seedskadee/ Fontenelle Green State of Wyoming 1962 60,000 $ 0.40 
Seedskadee/ Fontenelle Green State of Wyoming 1974 60,000 5.00 
Emery County Central Utah Utah Power & Light and others 1972 6,000 22.94 
Glen Canyon/Lake Powell Colorado Resources Co. and others 1969 102,000 7.00 
Glen Canyon/Lake Powell Colorado Salt River project 1969 40,000 7.00 
Navajo San Juan New Mexico Public Service 1968 20,200 7.00 
Navajo San Juan Utah International 1968 44,000 7.00 
Navajo San Juan Southern Union Gas Co. 1968 50 7.00 
Missouri River/Bighorn and Boysen Yellowstone Various 1967-71 658,000 11.00 
Boulder Canyon/Lake Mead Lower Colorado Colorado River Commission 1966 30,000 0.50 


SOURCE: R. F. Probstein, H. Gold, and R. E. Hicks, Water Requirements, Pollution Effects, and Costs of Water Supply and Treatment for the Oil Shale Industry, ‘eport prepared for OTA by Water Purification 


Associates, October 1979. 
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Some cost estimates for new reservoirs in 
Western Colorado are summarized in table 
83. Unit construction costs in 1979 dollars 
vary from $120 to $740/acre-ft of storage 
capacity. To obtain estimates of water costs 
from these reservoirs, assumptions must be 
made about financing methods and operating 
characteristics of the reservoirs. A rough 
estimate can be made if it is assumed that 
storage and delivery capacities are equal, 
and 10 percent of construction costs are 
charged to water purchasers per year. Then 
the charges for the water would range from 
about $10 to about $75/acre-ft, which is sub- 
stantially higher than costs from existing res- 
ervoirs. 


Table 83.—Estimated Construction Costs for Proposed 
Reservoirs Within the Colorado River Water Conservation District 


Storage Unit capital 
capacity, Construction costs, 

acre-ft costs, million$ $/acre-ft 
HAV EUAN SS sot cee Ay ce 20,000 $ 6.0 $300 
AZUNGL ER San pae wera oe 30,000 11.4 380 
NOPONAS Wey ae een aa 18,000 he 180 
Iron Mountain......... 60,000 28.9 480 
VoeuianiParkaenene cc: ced 7,000 49 740 
Bear Wallow.......... 49,000 11.9 240 
KEN Giggs:./(asteeenn eee 15,000 510 320 
Wiha ce sae aay ey, caeteet 196,000 36.3 190 
Vali COlO sak «cates em eee 9,000 5.8 640 
Bears Fan's 8.4... iAke, cae aoe. 12,000 3.0 260 
Grouse Mountain....... 79,000 9.2 120 
Rampart: 2e : as Seo 12,000 4.0 350 
California Park ........ 37,000 ae 140 
RANGelyeae Ghee woe ee 55,000 eZ 200 
Dyinikley ga 8. Gah ieee 97,000 13.2 230 
Pothookics 0) a Alarms 60,000 8.5 140 


SOURCE: R. F. Probstein, H. Gold, and R. E. Hicks, Water Requirements, Pollution Effects, and 
Costs of Water Supply and Treatment for the Oil Shale Industry, report prepared for OTA 
by Water Purification Associates, October 1979. 


Purchase of Irrigation Rights 


Description 


Most oil shale developers have indicated 
that they plan no further purchases of irriga- 
tion rights. However, the strategy warrants 
discussion because large quantities of water 
are currently consumed by farming and the 
water laws allow rights to be transferred 
from willing sellers to willing buyers. 


The feasibility of using irrigation rights for 
oil shale development is site specific and 
depends on their cost in comparison with 
other strategies, the proximity of irrigation 
diversions to potential plantsites, and the 
seasonal nature of irrigation rights. Transfer 
is unlikely in the Green River basin, for exam- 
ple, because adequate and inexpensive water 
appears to be available from existing Federal 
reservoirs. On the other hand, it could occur 
in the White River and the Colorado main- 
stem basins because of the limitations of ex- 
isting storage capacity. 


In the White River basin, irrigated agricul- 
ture consumes about 37,000 acre-ft/yr. This 
amount of water could supply a 250,000-bbl/d 
oil shale industry. If this water were trans- 
ferred to oil shale, additional storage would 
probably be needed because of the seasonal 
nature of irrigation rights. These rights 
generally rely on direct diversions from a 
river, and river flows might not be sufficient 
during dry seasons to satisfy the oil shale 
water requirement. 


In the basin of the Colorado River main- 
stem, irrigated agriculture currently con- 
sumes about 430,000 acre-ft/yr, which is 
much more than would be required for any 
projected level of oil shale development. Pur- 
chase of irrigation rights would reduce, but 
probably not eliminate, the need for new stor- 
age capacity. Irrigation water from the Col- 
orado mainstem could also be diverted to oil 
shale facilities in the White River basin, thus 
reducing the need for new storage in that 
basin. Some new interim storage would be 
needed near the plantsites. In any case, new 
pipelines would be needed to transport water 
from current diversion points to the oil shale 
facilities. 


Costs 


It is important to distinguish between the 
purchase of a specific quantity of water for 
use in a given year and the purchase of a 
water right that would authorize use in all 
future years. In recent years, the cost in Col- 
orado of purchasing irrigation water for one 


- 
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year’s use has ranged from about $10 to 
$25/acre-ft, which is similar to the costs of 
purchasing water from existing Federal res- 
ervoirs.” The cost of purchasing a water 
right for use in perpetuity, however, could 
range from $1,000 to $2,500 for each acre- 
ft/yr covered by the right.*' If capital to pur- 
chase the right were borrowed at 10-percent 
interest, annual costs might range from $100 
to $250/acre-ft. These costs are substantially 
higher than current prices for single-year 
diversions. The reason is that most farming 
could not be conducted without irrigation. 
Selling water rights essentially puts a farmer 
out of business. 


Ground Water Development 


Description 


Ground water aquifers could be feasible 
water sources for oil shale development if 
they are favorably located relative to plant- 

sites, if the water quality is suitable for in- 
dustrial applications, and if physical char- 
acteristics (such as burial depth, storage 
volume, and discharge rates) are advanta- 
~ geous. Although knowledge is incomplete, ex- 
isting data suggest that selected aquifers in 
the Upper Basin are worthy of consideration 
for some, if not all, potential oil shale 
facilities. 


In the Piceance basin, for example, up to 
25 million acre-ft is estimated to be stored in 
two major bedrock aquifers that are sepa- 
rated by rich oil shale beds. This resource is 
currently being used in limited amounts for 
livestock watering, for irrigated agriculture, 
and for localized domestic consumption. The 
water is generally high in dissolved solids and 
fluoride. For this reason, its use for conven- 
tional purposes will probably not increase. It 
is likely that an oil shale industry would be 
the only large-scale application for which this 
ground water would be suitable.* With prop- 

*Water in the upper aquifer generally contains less than 
2,000 mg/l of dissolved solids, while in the lower aquifer these 
may range from 1,000 to 63,000 mg/l. The fluoride content is 
typically from 10 to 70 mg/l. Federal drinking water standards 


recommend a dissolved solids limit of 500 mg/l and a fluoride 
content of less than 1.0 mg/l. 


er pretreatment, much of it could be up- 
graded for such use. If this were done to the 
fullest extent, the aquifers could supply a 1- 
million-bbl/d shale oil industry for from 200 to 
500 years, depending on the processing tech- 
nologies used. 


Less is known about ground water in the 
White River basin in Colorado and Utah and 
about Utah’s water resources in general. It is 
known that the Uinta basin contains large ar- 
tesian aquifers, one of which discharges in 
the vicinity of Federal lease tracts U-a and 
U-b. The water is not potable but could be 
treated for use in oil shale processing. 


Because bedrock aquifers in the Piceance 
and Uinta basins often coincide with minable 
oil shale zones, ground water will be an im- 
portant consideration in most development 
plans. Even if ground water is not intentional- 
ly developed for use as process water, it will 
be produced on most tracts during mine de- 
watering and the preparation of in situ re- 
torts. In many locations, the water could sat- 
isfy all processing needs. In some areas, an 
excess will be produced that will have to be 
disposed of through evaporation, by reinjec- 
tion, or by discharge to surface streams. Puri- 
fying excess ground water to discharge 
standards could be costly. 


In the Piceance and Uinta basins, yields 
from test wells vary with location from less 
than 1,000 to over 4,000 acre-ft/yr. Two to 
four of these wells would be sufficient to sat- 
isfy the needs of an oil shale plant producing 
50,000 bbl/d by directly heated AGR. Several 
additional wells would probably be drilled to 
provide backup capacity. 


Costs 


The cost of ground water development will 
vary with site, with water quality, and with 
the water management program of the devel- 
oper. In a recent study the geohydrologic 
characteristics of three wellsites in the 
Piceance basin were analyzed, and estimates 
were prepared of drilling capital and pump- 
ing costs.” For two of the sites, which had 
prolific water-bearing zones extending to 
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about 1,000 ft below the surface, a minimum 
cost of about $30/acre-ft was estimated for 
delivery of 1,500 to 4,000 acre-ft/yr. The third 
site contained much less permeable rocks, 
which reduced maximum flows and thus in- 
creased costs. The estimate of the maximum 
flow from this well was 700 to 900 acre-ft/yr, 
with a minimum cost of about $90/acre-ft. In 
the DNR study, water costs from a well yield- 
ing 3,000 acre-ft/yr from a depth of 500 ft 
were estimated to be $22 to $30/acre-ft. 
Another estimate is about $55/acre-ft for a 
1,000-ft well yielding 1,500 acre-ft/yr.* 


The costs of well drilling and pumping 
could, therefore, range from $20 to $60/acre- 
ft, assuming that aquifers occur at reason- 
able depths and in reasonably permeable for- 
mations. These costs are comparable to those 
for surface water. Ground water could offer 
a major economic advantage in that wells 
could be located near the oil shale facilities, 
thus avoiding transportation costs. On the 
other hand, the poor quality of some ground 
water would necessitate costly purification. 


Water from some aquifers is highly saline 
or brackish. It would not need to be purified 
for use in dust control and spent shale com- 
paction, but would have to be for use as boiler 
feedwater or cooling water. Purification can 
be quite costly. For example, treating brack- 
ish water to cooling water standards can cost 
from $200 to $300/acre-ft,** and treatment to 
boiler feedwater standards can cost from 
$650 to $1,000/acre-ft.* These high treatment 
costs would not be needed for all of a plant’s 
water supply, because some requirements 
could be satisfied with water of any quality. 
If the overall water management plan of an 
AGR facility is considered, a brackish ground 
water supply would add about $250 to $530/ 
acre-ft to the costs of water acquisition. 


Thus, the overall costs of ground water de- 
velopment and use could range from $20 to 
$600/acre-ft/yr. The lower estimate corre- 
sponds to a high-quality ground water from 
permeable rocks at reasonable depths. The 
higher estimate corresponds to brackish wa- 
ter from relatively impermeable formations. 


Interbasin Diversions 


Description 


Interbasin diversions move water from one 
major hydrologic basin to another. Exports 
from the Upper Basin to the cities of Col- 
orado’s Front Range Urban Corridor (Denver, 
Colorado Springs, etc.) are examples of inter- 
basin diversions. Diversions could also be 
used in the future to increase overall water 
availability in the Upper Basin by relocating 
water from other major basins such as the 
Columbia River Basin or the Upper Missouri 
River basin.* As an illustration, diverting 1 
percent of the net water supply of the State of 
Washington in the Columbia River Basin 
would provide 2 million acre-ft/yr of addi- 
tional water to the oil shale area, an amount 
equal to two-thirds of the present water con- 
sumption in all of the Upper Basin States. 


Costs 


Costs of interbasin diversions vary with 
pipeline construction and pumping costs, 
which in turn depend on the route, diameter, 
and length of the pipelines; on the number 
and capacity of pumping substations; and on 
the cost of purchased power for the pumps. 
These costs are highly project-specific, but, in 
general, decrease with pipeline throughput 
and increase with distance. Variations in unit 
costs can be illustrated by considering two 
alternate pipelines; one providing water to a 
single oil shale plant and the other supplying 
water to an entire industry. An oil shale plant 
producing 50,000 bbl/d by directly heated 
surface retorting would consume about 6,000 
acre-ft/yr of water. This quantity could be 
transported to the site in an 18-inch-diameter 
pipe at a unit cost of about $12/acre-ft/mile. 
In comparison, about 240,000 acre-ft could be 
conveyed through a 90-inch-diameter pipeline 
at a unit cost of $1.90/acre-ft/mile.°” 

*Under the CRP Act, the Secretary of the Interior was re- 
quired not to undertake reconnaissance studies of any plan for 
the importation of water into the Colorado River Basin until 
1978. The Reclamation Safety of Dams Act of 1978 extended 


this moratorium until Nov. 2, 1988. Thus, no water imports 
from other major basins will be allowed until well after 1988. 


Four options illustrate typical distances 
and costs that might be encountered with in- 
terbasin diversion for a large oil shale in- 
dustry. One option would be to bring water to 
the White River basin from the Oahe Reser- 
voir on the mainstem of the Missouri River in 
South Dakota. The distance would be 500 to 
600 miles, and the unit costs would be $950 to 
$1,150/acre-ft. A second alternative would be 
to transport water from the Missouri River at 
Kansas City to the John Redmond Reservoir in 
Kansas, then to Denver, and finally over the 
Rocky Mountains to the White River basin.® 
The pipeline would be about 700 miles long, 
and the unit transportation cost about 
$1,130/acre-ft. A third option would be tsa 
transport water about 800 miles from the Co- 
lumbia River Basin to the White River basin. 
Unit costs would be about $1,520/acre-ft. A 
fourth possibility would be to divert water to 
the White River area from the Yellowstone 
River, a distance of approximately 400 miles. 
This would cost about $750/acre-ft. 


In summary, interbasin transfers for a 
large industry would require 400- to 800-mile- 
long pipelines and would entail unit costs of 
$750 to $1,500/acre-ft. Exact costs vary wide- 
ly but are, in general, quite high. To these 
costs must be added the purchase price of the 
water that is moved through the pipeline. 


Intrabasin Diversions 


Description 


| The total cost of a water supply includes 
_ the cost of acquiring the water and the cost of 
_ moving it to the oil shale facility. As indicated 
_ above, transportation costs can outweigh ac- 
- quisition costs if the facility is far from the 
water source. The costs of transporting 
water acquired in the oil shale area will also 
be high, although less than for transfers from 
other major basins. The following discussion 
_ describes some of the typical intrabasin di- 
_ versions that could occur within the oil shale 
| region, and estimates the costs of moving 
_ water through such diversion systems. This 
_ cost can then be added to the purchase price 
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of the water to obtain the overall cost of 
developing a given water supply. 


Intrabasin diversions redistribute water 
within a major hydrologic basin such as the 
Upper Basin. They include transfers between 
individual subbasins such as the basins of the 
Green River, the Colorado River mainstem, 
and the White River. Intrabasin diversions 
are not an acquisition strategy, but are a 
method for relocating acquired water to oil 
shale plants. Except for selected tracts using 
ground water and for the few oil shale plants 
built very close to major tributaries, new in- 
trabasin diversions will be needed. 


Intrabasin diversions would not reduce the 
strain on the resources of the Colorado River 
system. They would simply redistribute water 
among individual subbasins. They could be 
used, for example, to augment the sparse nat- 
ural flows of the White River with surplus 
surface water from the Colorado River main- 
stem. They could also be used to transport 
stored surplus water from Federal reservoirs 
in the Green River basin to developments 
along the White River or the Colorado River 
mainstem. Such diversions would be required 
regardless of whether the oil shale water sup- 
plies are obtained from new or from existing 
reservoirs. 


Costs 


The costs of transporting water by an in- 
trabasin diversion pipeline will depend on the 
fees charged by the supplying reservoir and 
the costs of building and operating the pipe- 
line between the reservoir and the plantsite. 
Some USBR estimates of the unit costs of se- 
lected intrabasin diversion projects are sum- 
marized in table 84. Reservoir charges and 
operating costs for the pipeline are esti- 
mated, but not the costs of acquiring the 
water that is moved through the pipeline. Sev- 
eral types of supply systems and flow rates 
are shown, and both existing and new reser- 
voirs are considered. The range of unit trans- 
portation costs is from $70 to $550/acre-ft. If 
the highest and lowest are excluded, the 
range is reduced to from $180 to $440/acre-ft. 
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Table 84.—Summary of Cost Estimates for Intrabasin Diversions Within the Oil Shale Area 


Unit transportation cost, 


Data source Type of reservoir Destination Flow volume, acre-ft/yr $/acre-ft 
USBR@ New Tract C-a 57,000 $240-390 
USBR New Tract C-b 18,000 260-280 
USBR New Tracts C-a and C-b 75,000 240-440 
USBR Existing Tracts C-a and C-b 75,000 310-350 
USBR New Tracts U-a and U-b 8,000 280-400 
USBR New Tracts U-a and U-b 36,000 70-160 
USBR Existing Tracts U-a and U-b 36,000 190-230 
USBR New Tracts C-a, C-b, U-a, and U-b 111,000 180 
DNR® Existing Green River basin 14,000 280 
20,000 260 
DNR New Colorado River mainstem basin 29,000 550 
84,000 400 
DNR New White River basin 141,000 380 
240,000 360 


4S. Bureau of Reclamation, Alternative Water Sources for Prototype Oil Shale Development, Salt Lake City, Utah, September 1974. 
DColorado Department of Natural Resources, Upper Colorado River Basin Section 13(a) Assessment: A Report to the U.S. Water Resources Council (Draft), August 1979. 


SOURCE: Office of Technology Assessment. 


Summary of Supply Costs 


Estimates of the costs of supplying indus- 
trial-quality water to oil shale sites by means 
of the several acquisition and transportation 
strategies discussed previously are summa- 
rized in table 85. The strategy costs include 
the costs of purchasing the water, of trans- 
porting it from the point of acquisition to the 
point of use, and of treating it for use in the 
facilities. The estimates are approximate. 
They were derived using the following as- 
sumptions: 


e All surface water acquired in the oil 
shale region is transported over substan- 
tial distances through intrabasin pipe- 


e Water for interbasin diversions is pur- 
chased at a cost of $25/acre-ft. 

e Surface water is of good quality and 
does not require substantial purification 
prior to use. 

e Ground water quality is variable. Only 
brackish ground water must be treated 
prior to use. 

e All ground water is developed in the im- 
mediate vicinity of the oil shale plants. 
Pipelines to points of use are of insignifi- 
cant length. 

e Surplus water from existing reservoirs 
costs $25/acre-ft. Water from new reser- 
voirs costs $100/acre-ft. 


The lowest cost strategy is the development 


lines. of good quality ground water. Unit costs 
Table 85.—Summary of Approximate Water Supply Costs for Several Acquisition Strategies 
Component cost, $/acre-ft Strategy costs 

Strategy Purchase Transportation Treatment $/acre-ft $/bbl of oil@ 
Perfection of conditional decrees ................. nil $180-440 nil $180-440 $0.09-0.23 
Purchase from existing Federal reservoirs........... $ 25 180-440 nil 205-465 0.11-0.24 
Purchase from new Federal reservoirs.............. 100 180-440 nil 280-540 0.14-0.28 
Purchase of senior irrigationrights................ 100-250 180-440 nil 280-690 0.14-0.36 
High-quality ground Waters... 2k 0) eee ee 20-60 nil nil 20-60 nil-0.03 

Brackishigreund. Water Wit ..\. hava ana eee ee 20-60 nil $250-530 270-590 0.14-0.30 
Intérbasin.diversions' 20.2. 2). 1.0 ween oe ee 25 750-1,500 nil GLO 025 0.40-0.79 


4Assumes that 8,500 acre-ft/yr is consumed per 50,000-bbli/d plant. 


SOURCE: R. F. Probstein, H. Gold, and R. E. Hicks, Water Requirements, Pollution Effects, and Costs of Water Supply and Treatment for the Oil Shale Industry, report prepared for OTA by Water Purification 


Associates, October 1979. 
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range from essentially zero to about $0.03/bbl 
of oil. The perfection of conditional water de- 
crees is more costly, with unit costs ranging 
from $0.09 to $0.23/bbl of oil. It is comparable 
to purchasing surplus water from existing 
Federal reservoirs. Purchasing water from 
new Federal reservoirs is comparable in cost 
to developing brackish ground water—about 
$0.14 to $0.28/bbl of oil. Water obtained by 
purchasing senior irrigation rights costs a lit- 
tle more. Interbasin diversions are by far the 
most expensive, with unit costs from $0.40 to 


$0.79.The higher unit cost for interbasin di- 
versions was calculated under the assump- 
tion that water would be transported for 800 
miles from the Columbia River Basin. 


Except for interbasin diversions, the costs 
of water supplies range from essentially zero 
to about $0.36/bbl of upgraded shale oil. Such 
water costs, which would have seemed unat- 
tractively high in the early 1970’s when oil 
prices were about $3.00/bbl, are less conse- 
quential with current oil prices. 


Legal and Institutional Considerations 


The previous sections evaluated the physi- 
cal and economic requirements of several 
water supply strategies. The feasibility of any 
of them also depends on a number of legal 
and institutional factors, some of which are 
examined below. 


The Law of the River 


As discussed previously, water develop- 
ment in the Upper Basin will be constrained 
by the following factors: 


e The operating criteria for Federal reser- 
voirs in the Upper Basin, which require 


a minimum discharge of 8.23 million ~ 


acre-ft/yr from Lake Powell. 

e The Upper Colorado River Basin Com- 
pact of 1948, which limits the percent- 
age of total Upper Basin depletions that 
can be consumed by each State. 


Different assumptions about virgin flow, re- 
gional growth rates, processing technologies, 
and plantsites can lead to widely different 
projections of the maximum size of the oil 
shale industry that could be supplied by sur- 
plus surface water in 2000. Assuming 13.8- 
million-acre-ft/yr virgin flow, medium growth 
rates, and an industry with an average water 
requirement of 8,500 acre-ft/yr per plant, the 
limit appears to be about 2 million bbl/d. 


This estimate assumes that the States in 
the Upper Basin concur with the constraints 


identified above. This is a questionable as- 
sumption because several aspects of the law 
of the river are in direct conflict and not all 
have been accepted by the States, particular- 
ly in the Upper Basin. For example, the Col- 
orado River Compact of 1922 assured deliv- 
ery of 7.5 million acre-ft/yr to both the Upper 
and Lower Basins. This would be possible 
with virgin flows of at least 15 million acre- 
ft/yr; it would not be possible with the lower 
flows that have prevailed since 1930. The de- 
livery obligation of the Mexican Water Trea- 
ty of 1944-45 is another source of conflict. 
The treaty has not been a constraint on the 
Upper Basin States because of their low 
water demands in the past. However, it could 
significantly affect future development pro- 
grams. If the obligation were imposed on the 
Upper Basin under the percentage formula of 
the Upper Colorado River Compact of 1948, 
Colorado’s share would be 388,000 acre-ft/yr, 
Utah’s 173,000 acre-ft/yr, and Wyoming's 
105,000 acre-ft/yr. If the Upper Basin States 
were able to avoid the obligations through liti- 
gation, much higher levels of regional growth 
and energy development would be possible. 


The States may choose to follow this path. 
For example, Colorado Governor Richard 
Lamm maintains that Colorado and the other 
Upper Basin States are not responsible for 
satisfying the Mexican treaty obligation.* 
The director of the Colorado Water Conserva- 
tion Board describes the State’s position as 
follows:* 
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There has been a considerable amount of 
study, together with a considerable amount 
of speculation, concerning the amount of 
water which is still available to the State of 
Colorado under the terms of the Colorado 
River Compact and the Upper Colorado River 
Basin Compact. The problem with any study 
is that no one can actually define the precise 
amount of water to which Colorado is en- 
titled under the terms of the compacts. In ad- 
dition to existing uncertainties concerning 
the compacts, the Mexican Treaty of 1944 
further complicates any water supply study. 
There are some basic disagreements among 
the various states of the Colorado River Ba- 
sin as to the obligation of each State for the 
release of water to satisfy the Mexican Trea- 
ty. At some future time it appears likely that 
these differences will be taken to the United 
States Supreme Court for resolution. 


Analysis of the legal position of the States in 
this controversial matter is beyond the scope 
of this assessment. It is possible, as the above 
citation implies, that resistance to supply 
obligations could be directed at the Mexican 
treaty itself. However, because the treaty is a 
national commitment, it is more likely that 
resistance will be manifested against the 
operating criteria for Federal reservoirs in 
the Upper Basin. These criteria have been im- 
plemented by DOI through requirements for 
minimum annual discharges from Lake Pow- 
ell. The 8.23-million-acre-ft/yr discharge re- 
quirement incorporates both the Lower Basin 
allocation of 7.5 million acre-ft/yr and the Up- 
per Basin’s share of the Mexican obligation. 
The Upper Basin States do not agree with the 
operating criteria.*! ” 


The Doctrine of Prior Appropriation 


As stated earlier, most of the water rights 
held by potential oil shale developers are 
either conditional decrees, which are large in 
quantity but junior in date of appropriation, 
or absolute irrigation rights, which are small 
but senior. Under the appropriation doctrine, 
only the irrigation rights would provide 
secure water supplies. They would be limited 
to about 10,000 to 20,000 acre-ft/yr. If the 
more junior decrees were perfected, they 


could be curtailed during dry periods to pro- 
vide water to more senior users, with severe 
economic repercussions unless sufficient 
water storage had previously been con- 
structed. Any new rights obtained through 
the prior appropriation system would be ex- 
tremely junior and even more susceptible to 
curtailment. Any large-scale use of ground 
water for oil shale development would have 
to protect the water rights of senior surface 
water users. 


Thus, the prior appropriation doctrine re- 
duces the attractiveness of developing water 
supplies through perfection of existing or fu- 
ture conditional decrees. Given the con- 
straints of the appropriation system, it ap- 
pears that the most reliable strategies would 
be additional purchase of highly senior irriga- 
tion rights, purchase of surplus surface wa- 
ter from reservoirs, ground water develop- 
ment in selected areas, or interbasin diver- 
sions. 


Federal Reserved Rights Doctrine 


Under this doctrine, water has been set 
aside for use on Federal lands, but the 
amounts of water affected have not yet been 
quantified. An important aspect of the doc- 
trine is that Federal rights, when perfected, 
will be senior to most others. Any more junior 
user will face curtailment in times of water 
shortage. The doctrine is an example of the 
constraints imposed by prior appropriation. 


The doctrine would affect any acquisition 
strategy that relied on flows originating 
within the Upper Basin. The only strategies 
that would avoid the doctrine’s constraints 
would be the development of nontributary 
ground water, interbasin transfers specifi- 
cally for use in oil shale facilities, or the pur- 
chase of irrigation rights that are senior to 
the Federal rights. The latter would be dif- 
ficult because many of the potential Federal 
rights date back to the late 19th century. 


It is possible, although uncertain, that the 
Federal reserved rights could be used to 
assist oil shale development. Because the 
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Supreme Court has decided that the affected 
water may only be used to further the pur- 
poses for which a reservation was estab- 
lished, it appears that the only relevant rights 
would be those that might be claimed for the 
Naval Oil Shale Reserves in Colorado and 
Utah. These reserves were established in the 
1920’s and the rights, if they could be imple- 
mented, would be quite senior. However, the 
legal position of the rights in Colorado is com- 
plicated because the reserves do not border 
on the Colorado River and they contain little 
ground water. The Government has indicated 
that it intends to claim water for the Colorado 
reserves; the claim is in the early stages of 
litigation by the State. 


Environmental Legislation 


There are a number of environmental laws 
which do not directly restrict water use but 
which could affect the siting of facilities, the 
scale of operation, and particular water ac- 
quisition strategies. It is difficult to predict 
their effects on development of water re- 
sources in the oil shale region, but it is impor- 
tant to note their existence and to recognize 
that they could be of considerable conse- 
quence. Included are the following laws: 


e The Fish and Wildlife Coordination Act. 
This Act required that all Federal agen- 
cies which direct, impound, or modify 
water bodies must consult with USFWS. 
Plans for water resource development 
are reviewed by the Service to assure 
that they include appropriate protective 
measures for fish and wildlife. 

e The Endangered Species Act. Under this 
Act, Federal agencies are to conserve 
threatened or endangered species. In 
the Upper Basin there are species of en- 
dangered fish—the humpback chub and 
the Colorado River squawfish—which 
might influence the siting of reservoirs 
for energy development. 

e The National Wild and Scenic Rivers 
Act. This Act is designed to preserve 
portions of selected streams in a natural 
state. The addition of any streams in the 


Upper Basin to this system might affect 
their future use for energy development. 

e The Wilderness Act. This Act estab- 
lishes a National Wilderness Preser- 
vation System composed of federally 
owned wilderness areas as designated 
by Congress. The Act also stipulates the 
conditions under which reservoirs and 
other facilities can be built within these 
ereas. As a consequence of this Act, res- 
ervoirs and other water facilities needed 
for energy development might be re- 
stricted in certain areas. 


These laws should not reduce the availabil- 
ity of water within the Green River hydrologic 
basin because there are presently no known 
endangered species or designated water 
areas within this basin. Furthermore, flows 
of the Green River will be insignificantly af- 
fected by the projected levels of shale oil pro- 
duction. 


In contrast, environmental legislation 
could constrain oil shale development in the 
White River basin. High levels of shale oil 
production are projected for this basin, and 
the associated water requirements could sig- 
nificantly reduce river flows. Furthermore, 
the Colorado River squawfish, a federally 
designated rare and endangered species, is 
known to inhabit the lower portions of the 
White River. In addition, the Flat Tops Wil- 
derness area, an existing Federal wilderness, 
includes portions of the headwaters of the 
north and south forks of the White River. Flat 
Tops could affect oil shale development in 
that reservoirs and other structures would 
not be permitted within the wilderness area, 
except under presidential approval. 


Water availability within the basin of the 
Upper Colorado mainstem might be affected 
by the Endangered Species Act, the Wilder- 
ness Act, and the National Wild and Scenic 
Rivers Act. The Colorado River squawfish in- 
habits the Colorado River from the back- 
waters of Lake Powell upstream to the con- 
fluence of Plateau Creek. The humpback chub 
is found in the Colorado mainstem down- 
stream from the Colorado/Utah State line. 


398 © An Assessment of Oil Shale Technologies 


i ee ee a eee 


This basin also contains three designated 
wilderness areas, and additional areas are 
being considered for inclusion in the wilder- 
ness system pursuant to the ongoing Roadless 
Area Review and Evaluation (RARE II) re- 
view.* New reservoir storage would probably 
not be permitted in these areas. However, 
they are in high-elevation watersheds and 
thus would probably not contain potential 
sites for reservoirs. In addition, several 
rivers within this basin are being considered 
for wild and scenic designation. 


Thus, these environmental laws might af- 
fect the siting of storage reservoirs and limit 
the amount of water that could be diverted 
from certain rivers. Water supply strategies 
that require extensive storage, such as the 
purchase of irrigation water, could be af- 
fected. 


instream Water Flow 


Instream flow requirements are legally 
considered only in Colorado, where the State 
has retained the right to obtain water for 
preserving the natural environment to a rea- 
sonable degree. Instream rights are subject 
to the prior appropriation system, and have 
priority over consumptive rights only if they 
are more senior in time. The State recognized 
instream rights in 1973, and thus these rights 
are quite junior and should not impede the 
perfection of rights held by oil shale devel- 
opers, some of which date back to 1949. How- 
ever, if the oil shale industry were to file for 
additional surface rights they would be junior 
to the instream rights and would have a lower 
priority in times of water shortage. Other 
water acquisition strategies—such as the 
purchase of senior irrigation rights, trans- 
basin diversions, and ground water devel- 
opment—would not be significantly affected. 
The purchase of surplus water from Federal 
reservoirs would be affected only if the 


*The Forest Service, in its RARE II program, is evaluating 
over 66 million acres of land to determine their suitability for 
designation as wilderness. During the period of initial evalua- 
tion and up to final disposition of the wilderness recommenda- 
tion by. Congress, these lands will be in some form of restrictive 
management. 


perfection of instream rights reduced the 
amount of surplus water available for sale. 


On the other hand, minimum flow bypasses 
around reservoirs and dams are required for 
aquatic life under the Clean Water Act. De- 
pending on the interpretation given this Fed- 
eral statute by the States, the total amount of 
surplus surface water could be decreased. 


Finally, USFWS is engaged in a study to de- 
velop strategies for reserving flows to main- 
tain fish and wildlife habitats. Although they 
are not yet part of the legal system, such 
strategies might ultimately reduce surface 
water availability for any type of growth in 
the oil shale region. 


Interbasin Transfers 


Several legal barriers constrain interbasin 
transfers of water to the oil shale region. The 
Yellowstone River Basin Compact of 1950 (65 
Stat. 663) requires approval of Wyoming and 
Montana before transfers of Yellowstone 
water can occur. Moreover, the Colorado 
River Basin Project Act of 1968 (82 Stat. 885) 
specifically prohibits the Secretary of the In- 
terior from undertaking feasibility studies of 
any plan to import water into the Colorado 
River Basin until 1978. This moratorium on 
water feasibility studies was extended under 
the Reclamation Safety of Dams Act (92 Stat. 
2471) until November 1988. Thus, until this 
moratorium is removed no new imports can 
occur. 


Salinity Standards 


The States within the Colorado River sys- 
tem are committed to maintaining salinity at 
or below the average 1972 levels in the lower 
mainstem of the Colorado River. They have 
developed salinity criteria for three points in 
the Lower Basin—Hoover Dam, Parker Dam, 
and Imperial Dam. The criteria have been ap- 
proved by EPA, but are tentative and subject 
to revision. 


Salinity criteria could constrain oil shale 
development because such development has 
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been linked, through theoretical calculations, 
to salinity increases in the river system. In- 
creases could occur through either of two 
mechanisms: salt loading (in which saline 
wastewaters are discharged from an oil shale 
plant) or concentration (in which waters of 
higher than average quality are removed 
from the Upper Basin tributaries for use in oil 
shale processing). Salinity increases from 
concentration are discussed in the next sec- 
tion of this chapter; those from salt loading 
are discussed in chapter 8. 


It is possible that salinity criteria could af- 
fect oil shale operations if such operations 
acted to increase the salinity in the lower 
mainstem. If this were the case, acquisition 
strategies that increase the total depletions 
from the river system would be constrained. 
These would include the perfection of surface 
water rights and the purchase of stored sur- 
face water. Ground water development 


would be little affected, and interbasin diver- 
sions would not be constrained as long as the 
salinity of incoming water was lower than 
upstream surface flows within the basin. The 
transfer of senior irrigation rights would 
probably not be impeded because, as dis- 
cussed in chapter 4, irrigation return flows 
are the chief man-related source of salinity in 
the Colorado River system. A reduction in 
these flows through diversion to oil shale 
processing should decrease the salinity of the 
lower mainstem. 


In summary, the effects of emerging salin- 
ity standards cannot be predicted with any 
confidence. Certain water acquisition strat- 
egies would feel them more than others. They 
should not severely affect any strategy if 
water released from oil shale sites is treated 
to achieve the discharge standards promul- 
gated under the Federal Water Pollution Con- 
trol Act. 


Critical Uncertainties 


The previous analyses have calculated that 
an oil shale industry of up to 2 million bbl/d 
could be supported to the year 2000 by sur- 
plus water that is legally available to the oil 
shale States. This calculation is based on four 
key assumptions: 


e The long-term average virgin flow is 13.8 
million acre-ft/yr—the running average 
between 1930 and 1974. 

e The industry continues to use a mix of 
mining and processing technologies simi- 
lar to that which would be used if pres- 
ently active and proposed projects were 
completed. 

e Water demand for conventional uses in 
the Upper Basin increases at a medium 
rate. 

e The industry relies solely on surface 
water; ground water is not developed. 


Following is a discussion of how the indus- 
try’s capacity might be affected if other 
assumptions were made in these areas. Con- 
sideration is also given to the problems of 
water availability beyond 2000. 


Virgin Flow 


As noted, the flows of the Colorado River 
vary widely. Estimates of future water avail- 
ability have been based on the flows meas- 
ured at Lee Ferry after 1930 because earlier 
estimates of virgin flow were less accurate. 
(Before 1922, flows were not measured at Lee 
Ferry; they were estimated from the meas- 
ured flows of upstream tributaries.) How- 
ever, it is not clear that the flows encoun- 
tered in the past will continue into the future. 
The 13.8-million-acre-ft/yr average could sus- 
tain a large industry through 2000, but if the 
long-term average decreased by 3 percent, to 
13.4 million acre-ft/yr, there would be no 
surplus surface water available then. Meas- 
urements of tree rings in the Colorado River 
Basin suggest that the long-term average flow 
may be closer to this level than to 13.8 million 
acre-f{t/yr.* On the other hand, if the flows in- 
creased to 14.2 million acre-ft/yr, 3 percent 
above the 1930-74 average, there would be 
sufficient surplus water in 2000 for a 4- 
million-bbl/d industry. The average flow be- 
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tween 1906 and 1974 was 15.2 million acre- 
ft/yr. The average between 1922 (when flows 
were first measured at Lee Ferry) and 1974 
was 14.2 million acre-ft/yr. 


Technology Mix 


The industry’s actual average water re- 
quirement may be substantially higher or 
lower than the 8,500 acre-ft/yr per plant that 
would result if present trends continued. An 
industry based solely on directly heated AGR 
would consume only about 4,900 acre-ft/yr 
per plant. The amount of surplus surface wa- 
ter projected for 2000 would be sufficient for 
a 3.5-million-bbl/d industry if only this tech- 
nology were employed. On the other hand, an 
industry of indirectly heated AGR facilities 
(at 12,300 acre-ft/yr per plant) could produce 
only 1.4 million bbl/d from the same surplus. 


Conventional Depletions 


Although the medium growth rate for con- 
ventional water uses is regarded by the 
States as most likely, it is possible that 
demands could increase at a much higher or 
lower rate. DNR analyzed the effects of low, 
medium, and high growth rates. Although the 
medium rate would allow an industry of up to 
2 million bbl/d, a high rate would reduce the 
surplus surface water by 247,000 acre-ft/yr 
in 2000. Only a 550,000-bbl/d industry could 
be accommodated. On the other hand, a low 
growth rate would increase the surplus by 
326,000 acre-ft/yr and would allow an in- 
dustry of up to 3.9 million bbl/d. 


In any case, surplus water availability is 
much less assured after 2000. If the low 
growth rate prevails, demand will exceed 
supply by 2027, even without an oil shale in- 
dustry. With a medium growth rate, the 
surplus will disappear by 2013. A high 
growth rate will consume the surplus by 


2007, again without oil shale development. 
The implications of this potential problem for 
oil shale are controversial. On the one side it 
is argued that possible long-term water short- 
ages should preclude the establishment of an 
industry. On the other side, it is maintained 
that a major industry could function for much 
of its economic lifetime without interfering 
with other users, and in any case would use 
relatively little water. (A 1-million-bbl/d in- 
dustry would accelerate the point of critical 
water shortage by about 3 years.) 


Ground Water Development 


If the presently active and proposed proj- 
ects were completed, more than 40 percent of 
the shale oil production would come from 
ground water areas in the central and north- 
ern Piceance basin. If additional Federal 
leasing were pursued, a much higher percent- 
age of the industry’s facilities would be sited 
in this area. Ground water will have to be de- 
veloped on these sites in order to allow mining 
or in situ retorting. The ground water ex- 
tracted would have to be reinjected into the 
source aquifer, or treated for discharge to 
surface streams, or used in the facilities. If it 
were used as process water, the need for sur- 
face water would be substantially reduced. If 
15 percent of the roughly 25 million acre-ft in 
the Piceance basin bedrock aquifers were 
used for oil shale, it could support a 1-million- 
bbl/d industry for 20 years. However, this 
rate of consumption would exceed the re- 
charge rate for the aquifers. Thus, the 
ground water levels would decrease and 
some of the surface streams that are supplied 
by ground water discharge would dry up. 
This would have relatively minor economic 
ramifications because the rate of ground 
water discharge is only about 20,000 acre- 
ft/yr. The environmental effects woulds be 
mixed, as discussed in the next section. 
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The Impacts of Using Water for Oil Shale Development 


Introduction 


The use of water by an oil shale industry 
will cause economic, social, and ecological 
changes in both the Upper and the Lower Ba- 
sins of the Colorado River system. The effects 
of salinity increases are of special concern 
because salinity levels in the Colorado River 
have been identified as a matter of national 
concern.** This section discusses the salinity 
increases that are expected to result from 
use of surface water for oil shale devel- 
opment. The overall impacts of water diver- 
sion on the Upper and Lower Basins are then 
discussed. Because of time restrictions, OTA 
did not perform an independent analysis of 
these impacts. However, assessments have 
recently been completed by DNR, USBR, 
USGS, and USFWS. The following discussion 
is largely based on the results of these 
studies. 


Impacts From the Construction and 
Operation of Water Supply Facilities 


Construction of dams, wells, and diversion 
facilities would create jobs and increase dis- 
posable income. However, pressures on hous- 
ing and on community facilities and services 
would result. Both the positive and the nega- 
tive effects would diminish once construction 
was completed. Operation of the facilities 
would require fewer than 10 employees per 
_ plant, out of a total work force of approx- 
imately 1,500. Consequently, relatively few of 
the socioeconomic impacts that may accrue 
from creating an oil shale industry can be 
associated with the water supply systems. 


| New reservoirs will flood land that may 
| presently be used for farming or grazing or 
that may have special scenic or ecological 
value. Homes, farms, businesses, roads, and 


utility lines would have to be relocated, and 
riparian and aquatic systems could be dis- 
turbed. These impacts should be minor com- 
pared to those of the mining and processing 
operations. Because the reservoirs will be 
relatively small, the overall impacts would be 
small compared to those that were associated 
with the construction of existing reservoirs. 
(The new reservoirs needed for a 1-million- 
bbl/d industry would increase the total water 
storage in the Upper Basin by 0.6 percent.) 
These impacts will be site specific and have 
not yet been analyzed. 


Impacts From Changes in Surface Flows 


Extraction of surface water will decrease 
the instream flows of the Colorado River and 
its tributaries. These changes will have direct 
effects on water users and indirect effects on 
water quality and aquatic ecosystems. The 
direct effects are considered in this section; 
the indirect effects in the section that follows. 


Decreased flows would reduce hydroelec- 
tric power production at specific CRSP reser- 
voirs. According to the DNR assessment, rev- 
enue losses could reach $7 million per year in 
2000 as a result of a 2.44-million-bbl/d indus- 
try.* Flow reductions would also decrease de- 
liveries to the Central Arizona project and 
force the agricultural industry in the Lower 
Basin to rely on more expensive ground water 
pumping. Net farm income would be reduced 
by about $2.3 million per year by 2000 as a 
result of a 2.44 million-bbl/d industry.” 


According to USBR, environmental impacts 
in the Lower Basin depend more on reservoir 
operating criteria than they do on the quanti- 
ty of water in a particular stream, and flow 
reductions in the Lower Basin would have sig- 
nificant effects only in that portion of the Col- 
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orado River between Glen Canyon Dam and 
Lake Mead.°*’ 


Reductions in instream flow will also affect 
recreational use of some stream reaches. 
Although most recreational activities, such as 
rafting, boating, and kayaking, would remain 
unchanged in 2000 even with high levels of oil 
shale development, negative impacts would 
occur in two river reaches. In the Colorado 
River between Rifle, Colo., and its confluence 
with the Gunnison River, rowing and rafting 
conditions would be degraded from the pres- 
ent fair condition to poor if a 2.44-million- 
bbl/d industry were established. Fishing con- 
ditions would be reduced from fair to poor 
with substantially lower levels of develop- 
ment. In the White River from Meeker, Colo., 
to Ouray, Utah, conditions for canoeing, kay- 
aking, and fishing would be reduced from ex- 
cellent to good. Adverse public reaction 
should be expected. Secondary impacts on 
tourism and recreational service suppliers 
may occur, although no detailed analysis of 
these impacts has been undertaken. 


Impacts on Water Quality 


Withdrawal of water of relatively high 
quality from upstream tributaries of the Col- 
orado River system will increase salinity lev- 
els in the lower reaches of the Colorado River 
by making the water unavailable for dilution 
of more saline streams that enter the river 


below the withdrawal point. Some of. the esti- 
mates that have been made of this salt con- 
centration* effect are summarized in table 
86.484 Included for each source are estimates 
of salinity increases for the project or indus- 
try originally analyzed and estimates scaled 
to a common basis of a 1-million-bbl/d indus- 
try. As shown, a 1-million-bbl/d industry in 
the Upper Basin could increase salinity levels 
at Lower Basin measuring stations by 0.2 to 
2.4 percent. The estimates incorporate wide- 
ly differing assumptions regarding plantsit- 
ing, types of processing technologies, water 
requirements, and quality of water diverted. 
A very approproximate average salinity in- 
crease for a 1-million-bbl/d industry might be 
about 1 percent. 


It should be noted that similar effects 
would be experienced if the same amount of 
water were used for other purposes. The Uni- 
versity of Wisconsin study cited in table 86 
estimated that diversion of 300,000 acre-ft/yr 
of upstream water to oil shale would increase 
salinity at Imperial Dam by about 20 mg/l. If 
the same quantity of water were used for irri- 
gation, the salinity increase would be about 
57 mg/l. Exportation of the water from the Up- 
per Basin would increase salinity by about 24 
mg/1.% 


The economic losses, including damage to 
agricultural, municipal, and industrial users 


*Increases in salt loading are discussed in ch. 8. 


Table 86.—Projected Salinity Changes in the Lower Colorado River From Oil Shale Development 


Salinity increase from oil shale 


For model 44 

Shale oil capacity Present industry __For 1 million bbl/d 

Source of estimate Reference modeled, bbl/d Measuring station salinity, mg/la mg/I mg/| Percent 
Colorado Department of Health........... 48 1,000,000 Glen Canyon Dam 609 4 4 0.7 
National Academy of Sciences........... 49 800,000 Hoover Dam 745 2 1.6 0.2 
1,600,000 4 ee 0.3 
Stanford Research Institute............. 50 250,000 Hoover Dam 745 1 4 OMG 
University of Wisconsin................ 51 1,000,000 Imperial Dam 850 20 20 2.4 

Department of the Interior.............. 02 1,000,000 Hoover Dam 745 10-15 10-15 Id72.0 
Bureau of Land Management............ 53 47,000 Hoover Dam 745 0.1 2.6 0.3 
U.S. Bureau of Reclamation............. 54 1,300,000 Imperial Dam 850 7 5 0.6 
2,440,000 ile 6 0.7 


Data from reference 59. 
Dealculated from estimates for increases in the White River and the Colorado Mainstem. 


SOURCE: Office of Technology Assessment. 
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in the Lower Basin could reach $5.4 million 
per year in 2000 for a 2.44-million-bbl/d in- 
dustry. This estimate is based on a salinity in- 
crease at Imperial Dam of 18.1 mg/]—1.8 per- 
cent of present salinity levels.* 


The full salinity impacts of water used in 
the Upper Basin are not felt until much later 
in the Lower Basin because of the dampening 
effects of Lake Powell and Lake Mead. For 
example, the Colorado River Basin Salinity 
Control Forum estimates that the full effects 
do not occur until after 17 years. The fore- 
casts for 2000 therefore underestimate salini- 
ty effects on the Lower Basin. In addition, an 
assumption of the USBR analysis is that three 
authorized desalinization plants will be in 
operation by 2000, removing over 700,000 
ton/yr of salt. 


To a lesser extent other water quality pa- 
rameters will be affected by the use of water 
for oil shale development. Sediment loading 
will increase in some reaches as the result in 
changes in land use associated with the 
dams, pipelines, and roads for the water sup- 
ply facilities. Changes in river flow from res- 
ervoir operation could alter sediment trans- 
port and the biochemical oxygen demand in 
some reaches. These impacts have not yet 
been assessed in detail. 


Impacts on River Ecology 


Changes in instream flow can affect the 
aquatic ecosystem including the habitat of 
sport fish and rare and endangered species. 
Of special concern are the effects on rainbow 
trout, a major sport fish, and the Colorado 
River squawfish and humpback chub which 
are endangered species. Analyses of the im- 
pact of water use for oil shale on the rainbow 
trout, the squawfish, and numerous other fish 
species have been undertaken by USFWS 
and the U.S. Heritage and Conservation Serv- 
ice,” but the effects on the humpback chub 
have not been assessed due to lack of criteria 
in the USFWS study. These assessments do 
not include studies of the complete aquatic 
ecosystem and exclude impacts on the ecol- 


ogy of smaller streams at high elevation so no 
conclusions can be drawn on impacts on 
these streams at present. 


Limited effects on fishery habitats were in- 
dicated for the Upper Basin as a whole, ex- 
cept for the White River. For rainbow trout in 
the Green River, the fry, juvenile, and adult 
stages would be little affected by a 2.44- 
million-bbl/d industry. Spawning conditions 
would remain poor. Adult Colorado River 
squawiish in the Yampa River would not be 
affected, but conditions for squawfish fry in 
the same stream would improve from their 
present poor level to fair. Conditions for adult 
squawfish in the White River would degrade 
from their present level of excellent to good. 


Assessment of impacts on plants, inverte- 
brates, and other components of the aquatic 
ecosystem have not been undertaken. 


Transfer of Water From Irrigated 
Agriculture 


Although it is not necessary to take water 
from irrigated agriculture to supply oil shale 
developments, such transfers are legally per- 
mitted. Because the economic value of an 
acre-foot of water to an oil shale developer is 
much greater than to irrigated agriculture, 
transfers of water rights could occur in some 
areas. These transfers would have social and 
economic ramifications, including a redistri- 
bution of income. Farm income would be re- 
duced, but these reductions would be coun- 
tered by a regional income gain because of in- 
creased employment in the oil shale industry. 


According to DNR, the gain would be 10 to 
100 times greater than the loss.* The number 
of farming families would also be reduced. 
Significantly larger impacts would be experi- 
enced, however, from factors not directly re- 
lated to water use patterns, such as the com- 
petition for local labor and the purchase of 
agricultural lands for municipal expansion. 


Irrigated agriculture diverts large quan- 
tities of surface water, but only a portion is 
actually consumed. The balance eventually 
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returns to the water systems through agricul- 
tural return flows and/or percolation into 
ground water aquifers. Oil shale developers 
can only purchase rights to the consumptive 
portion of the diversion. Therefore, if irriga- 
tion rights were transferred to oil shale devel- 
opment, less water would be diverted from 
surface streams, and stream flows would in- 
crease. The effects of these increases were 
not modeled for DNR because of their small 
size and because a significant diversion of 
agricultural water to oil shale development is 
not anticipated in most areas. If significant 
effects occurred at all, they would most likely 
be in the White River Basin, where fish habi- 
tats and recreational opportunities would be 
improved as a consequence. 


Ground Water Development 


The impacts caused by well-drilling and 
maintenance would be similar to those for the 
construction of reservoir and pipeline facil- 
ities for surface water development—rela- 
tively small and of short duration. After the 
wells are drilled, only a few workers would 
be needed for maintenance. The number 
would be small in comparison with the esti- 
mated total work force of an operating oil 
shale plant. Unlike purchase of irrigation 
rights, ground water development should not 
have significant effects on the economic base 
of the oil shale region. 


Stream flows would not be significantly re- 
duced for the overall basin, although substan- 
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Pumping water from the White River for agricultural purposes 
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tial reductions would occur in those areas in 
which ground water discharge supplies a ma- 
jor portion of surface flows. For example, 
some streams in the Piceance basin are fed 
by ground water discharge during most of the 
year. Aquifer drawdown as a result of 
ground water development would reduce 
flows in these streams, and in some cases 
would completely eliminate them except dur- 


ing the spring snowmelt. Fishery habitat in. 


these streams would be severely affected. 


According to DNR, the overall effects of 
ground water development on fish habitats 
and recreation would be much less than 
would be encountered with water acquisition 
strategies that relied solely on surface water 
diversions.*® However, heavy dependence on 
ground water could lead to using under- 
ground water resources faster than the rate 
of recharge and in some instances to mining 
geologically old water. The use of such water 


constitutes an irrevocable decision to exploit 
a nonrenewable resource, hence precluding 
its use for other purposes in the future. 


Oil shale projects that use low-quality 
ground water may produce a net decrease in 
salinity in Colorado. For example, the Superi- 
or Oil project in Colorado’s Piceance basin 
will use water from the lower bedrock aqui- 
fer that has a salinity concentration of about 
26,000 mg/l—about 30 times the salinity of 
the Colorado River at Imperial Dam. With- 
drawal of this water would reduce the quan- 
tity of salts discharged into Piceance Creek 
by about 24,500 ton/yr. As a result, the salin- 
ity of Piceance Creek would decrease by 
about 1,040 mg/l. Salinity in the near reaches 
of the White River, into which Piceance Creek 
discharges, would be reduced by about 40 
mg/l. Salinity at Glen Canyon Dam would 
decrease by about 1.6 mg/l—about 0.3 per- 
cent of its present level. 


Methods for Increasing Water Availability 


Sufficient water should be physically avail- 
able in the Upper Basin to support a large oil 
shale industry while simultaneously satisfy- 
ing the needs of other users. However, water 
scarcity could constrain regional growth 
after 2000. Additional surface flows could be 
provided through conservation (i.e., more effi- 
cient use of water), interbasin diversions, and 
possibly by weather modification. Water use 
efficiency and weather modification are dis- 
cussed below; interbasin diversions were dis- 
cussed earlier. 


More Efficient Use 


By reducing demand, water conservation 
would increase net water availability. Oppor- 
tunities exist in municipalities, in irrigated 
agriculture, and in industrial activities in- 
cluding oil shale development. 


Municipal 


Because municipalities in the oil shale re- 
gion consume little water, conservation stra- 


tegies would have to be focused on the larger 
cities in Colorado’s Front Range Urban Cor- 
ridor that import water from the Upper Ba- 
sin. For example, if Front Range cities low- 
ered consumption by 20 percent, exports 
would be reduced by about 100,000 acre- 
ft/yr.° Demand could be reduced by methods 
such as restricted lawn watering or imposed 
peak-use surcharges, seasonal pricing differ- 
entials, and price incentives. Recycling sys- 
tems could also be considered, but implemen- 
tation could be hindered by high costs and 
their unfavorable image. 


Irrigated Agriculture 


Present irrigation methods are inexpensive 
to the farmer but relatively inefficient. Even 
small improvements could release large 
quantitites of water for other purposes and 
decrease the quantity and perhaps salinity of 
agricultural return flows. Losses from canals 
could be reduced by adding impermeable lin- 
ings or pipelines. Sprinkler systems or trickle 
irrigation would reduce evaporation from 
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Sprinkler systems reduce evaporation from field soils 


field soils. Losses to noncrop vegetation could 
be reduced by eliminating the vegetation. 
Crop evapotranspiration and loss of cropcap- 
tured water could be reduced by substituting 
crops that need little or no irrigation water. 


Few of these strategies could be introduced 
on a large scale, however, without substan- 
tial economic, social, and environmental pen- 
alties. Mechanical irrigation, for example, 
would be very expensive, as would fabricated 
pipelines. Vegetation removal could threaten 
the ecological balance along stream courses 
and manmade waterways. Dryland farming 


might not be technically or economically fea-. 


sible. Furthermore, conservation could be 
risky because if a farmer did not use all of the 
water covered by his water rights, abandon- 
ment could be declared. 


Estimating possible reductions by conser- 
vation is technically straightforward. Esti- 
mating likely reductions is much more dif- 
ficult because of the social and economic 
complications. DNR concluded that reduc- 


tions would probably not exceed 120,000 
acre-ft/yr even with vigorous programs. 


Industrial 


Oil shale plants will use water efficiently. 
This is a consequence more of the nature of 
the processing technologies and the desire to 
avoid having to treat excess process water to 
discharge standards than it is of an interest 
in water conservation.* However, different 
technologies consume different amounts of 
water for the same production rate and the 
overall requirements of the industry could be 
reduced by encouraging the use of processes 
with the lowest water requirements. It is 
unlikely that technologies would be chosen 
solely on this basis because water costs are a 
very small fraction of total processing costs. 


*The U.S. Water Resources Council states that an AGR plant 
would consume about 89 percent less water than a steam- elec- 
tric powerplant with the same net energy output, 25 to 87 per- 
cent less than a comparable coal gasification plant, and 40 to 
90 percent less than a comparable coal liquefaction facility.“ 
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Offsite powerplants to support municipal 
growth could adopt conservation methods 
without substantially increasing power costs. 
It has been estimated that water require- 
ments for power generation in the oil shale 
States will increase by as much as 221,000 
acre-ft/yr before 2000. If the new power- 
plants relied on a combination of wet and dry 
cooling, water consumption could be reduced 
by about 175,000 acre-ft/yr, sufficient water 
for production of 1 million bbl/d of shale 
oil. 65 


Weather Modification 


Cloud seeding could be used to enhance 
precipitation and thereby increase surface 
water and ground water resources. The re- 
sults of three major projects during the last 
two decades suggest that overall increases in 
snowfall could range from 5 to 20 percent. It 
appears that if snowfall were increased by 
10 percent, runoff might increase by from 5 to 
20 percent and might add up to 2.0 million 
acre-{t/yr to normal surface flows. Ground 
water aquifers would also be affected be- 
cause they are recharged principally from 
snowpack. USGS has estimated that a 10- 
percent increase in snowfall in the Piceance 


basin would add over 10,000 acre-ft/yr of 


ground water that could be withdrawn with 
out disrupting the aquifer equilibrium.” 


Preliminary cost estimates range from $1 
to $10/acre-ft of additional runoff. There 
would be additional costs for capturing and 
transporting the augmented flows, and stor- 
age facilities would still be needed. Any addi- 
tional runoff would be subject to the prior ap- 
propriation system because the augmented 
flows would be indistinguishable from natu- 
ral flows. Because of the problem of uncer- 
tain ownership, the delivered water cost 
might well exceed the costs of other supply 
methods. 


The consequences of weather modification 
are not well understood, but a successful pro- 
gram could be expected to have widespread 
effects on the region’s ecosystems. Species 
composition, vegetation growth rates, and 
wildlife habitats might be altered. Although 
there could be recreational benefits from in- 
creased snowfall and higher streamflows, ag- 
riculture and transportation could be ham- 
pered. Losses in precipitation to areas be- 
yond the zone of augmented rainfall or snow- 
fall could have severe ecological, agricul- 
tural, and economic impacts. There could be 
legal difficulties if cloud seeding were linked 
to drought in downwind areas. 


Policy Options 


The distribution of water from the Colora- 
do River system is governed by a complex 
framework of interstate and interregional 
compacts, State and Federal laws, Supreme 
Court decisions, and international treaties. 
Policy decisions affecting the use of this 
water for oil shale development must take 
into account both the provisions of these 
documents and the need to protect the rights 
of competing water users. A number of policy 
options that would affect the availability of 
water for an oil shale industry in the Upper 
Colorado River Basin are examined below. 
Their implementation could involve actions 


by Congress, the administration, State gov- 
ernments, and the oil shale developers. 


The Determination of Water Needs 


In order to more accurately assess the total 
amount of surplus surface water that will be 
available for additional growth in the Upper 
Basin, the amount needed by all projected 
users must be determined. The uncertainty 
about the future availability of water sup- 
plies to the Upper Basin would be reduced if 
the necessary determinations were carried 
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out by Congress, by Federal and State govern- 
ments, and by private developers. Some possi- 
ble options are: 


The development of a water management 
system.—Preliminary water management 
studies have been conducted by the Bureau of 
Reclamation and by individual developers 
and other users. However, no systematic 
basin-wide evaluation of water management 
alternatives has compared water supply op- 
tions with respect to their water and energy 
efficiency, their costs and benefits, and their 
environmental and social effects. Such an 
assessment—involving Federal, State, and lo- 
cal governments; regional energy developers; 
other users; and the general public—may be 
an appropriate prelude to actions to con- 
struct new water storage and diversion proj- 
ects. It could be especially useful in evaluat- 
ing and coordinating such contoversial op- 
tions as the importation of water. Funding 
could be provided by DOI, DOE, or other 
agencies. The study could be managed by the 
Bureau of Reclamation or by Colorado River 
Compact Commission. 


The determination of the amount of water 
needed by the Federal Government.—This 
could be done for Federal lands for which 
water rights are set aside under the Federal 
reserved rights doctrine. One possible alter- 
native for Congress is to provide legislation to 
facilitate this determination in coordination 
with one of the administration’s task forces 
devoted to evaluating Indian and Federal re- 
served water rights. 


It is anticipated that the largest Federal 
claims in the oil shale region will be for the 
Naval Oil Shale Reserves. The U.S. Navy has 
made a preliminary filing with the Colorado 
water court for 45,000 acre-ft/yr. In addition, 
small amounts of water may be needed for di- 
versions, impoundments, wells, and stream 
flows. Although filings are being made under 
this doctrine, most indications are that the 
total amount of water that will be claimed by 
the Federal Government in the oil shale re- 
gion will not be excessive. The exact quan- 
tities, however, have not been determined. 
Because the extent of future filings is un- 


known, reliable estimates of water availabil- 
ity for regional growth cannot be made. The 
uncertainty would be reduced if there were 
some indication in the near future of the 
amounts that will be claimed under this doc- 
trine. 


The determination of water needs by the 
Colorado State Government.—In Colorado, 
the requirements for instream flows are 
legally considered only where the State has 
retained the right to obtain water for preser- 
vation of the natural environment. Colorado 
recognized instream rights in 1973; thus, 
these rights are junior and should not impede 
the perfection of rights held by other users 
prior to this date. However, such rights could 
affect the amount of water available to users 
who file in the future for additional surface 
rights—any additional rights would have a 
lower priority in times of water shortage. The 
State is presently in the process of filing for 
rights for instream water needs. Completing 
this process would further clarify the total 
amount of water available for development in 
this region. 


The determination of water needs by mu- 
nicipalities, private developers, and other 
water users.—Water rights in the oil shale 
States have been granted liberally. As a re- 
sult, the quantities of water covered by condi- 
tional decrees far exceed the available re- 
sources of the river. At the same time, not all 
the conditional decrees have been perfected, 
and relatively little of the claimed water is ac- 
tually being used. If it could be determined 
how much of the water allocated under the 
conditional decrees will actually be benefi- 
cially used in the near term (for municipal, 
agricultural, or industrial purposes), then the 
Upper Basin States would have a clearer indi- 
cation of the actual amount of surplus water 
available. 


Reservoir Siting and 
Direct-Flow Diversions 
All water acquisition strategies that rely | 


on the large-scale development of surface 
water resources within the oil shale area 


| 
! 


would necessitate the construction of new 
reservoirs and direct-flow diversions (e.g., 
pipelines). Such construction might be ham- 
pered, delayed, or even disallowed under pro- 
visions of the Endangered Species Act, the 
National Wild and Scenic Rivers Act, and the 
Wilderness Act. Potential problems could be 
reduced through several mechanisms. 


Identification of endangered or threat- 
ened species.—The Endangered Species Act 
provides for the Federal identification of en- 
dangered and threatened species of fish, 
wildlife, and plants; prohibits private activity 
that imperils such species; and requires Fed- 
eral agencies to avoid any activities that 
would jeopardize such species or result in the 
destruction of critical habitats. A number of 
studies are underway to identify endangered 
and threatened species in the Upper Basin. 
To date, two federally designated rare and 
endangered fish species have been found in 
the waters of the oil shale region. The Col- 
orado River squawfish inhabits the lower por- 
tions of the White River and the Colorado 
River from the backwaters of Lake Powell up- 
stream to the confluence of Plateau Creek. 
The humpback chub lives in the Colorado 


- mainstem downstream from the Colorado/ 


Utah State line. Additional species requiring 
protection may be found in the future. 


The Act may be interpreted as restricting 
activities that might adversely affect the 
critical habitats of such species, although 
none has been declared for the squawfish or 
the humpback chub. Knowing their approxi- 
mate locations would be helpful because the 
timely siting of reservoirs and direct-flow 
diversions could be affected by agency inter- 
pretations involving instream flows. Should 
construction of these facilities begin before 
the critical areas were identified, there could 


_ be opposition to their completion, and water 
_ supplies from a particular reach of a river 


could be delayed or interrupted. If the loca- 
tions of all designated critical habitats were 
identified by DOI and the required biological 
opinions obtained, the facilities could be sited 
to minimize interference and delay. 


63-898 0 - 80 - 27 


Ch. 9—Water Availability *« 409 


Designation of rivers to be set aside under 
the Wild and Scenic Rivers Act.—Any river 
area possessing one or more scenic, recrea- 
tional, archeologic, or scientific values and in 
a free-flowing condition, or under restoration 
to such condition, may be considered for in- 
clusion in the Wild and Scenic Rivers System. 
A number of rivers have already been desig- 
nated under this legislation, and Congress is 
considering adding others. To date none in 
the oil shale region has been designated; how- 
ever, several within the Colorado mainstem 
basin are being considered for wild and sce- 
nic designation. The amount of water that 
could be diverted from specific river reaches 
could be reduced if these rivers are set aside, 
thus an early designation of rivers eligible 
under this legislation would be of value in 
planning for future shale oil production. 
Given this information, direct-flow diversions 
could be sited downstream to those portions 
of rivers designated as wild and scenic 
rivers. This would avoid a direct conflict 
within a given river stretch but could add to 
the water supply cost. 


Designation of wilderness areas.—The 
Wilderness Act created the National Wilder- 
ness Preservation System to provide ‘‘the 
benefits of an enduring resource of wilder- 
ness’’ for the whole Nation. In keeping with 
the purpose of preservation, the use of these 
areas is highly restricted. To date four areas 
in the White River basin and the Colorado 
mainstem basin have been designated under 
this legislation. Also, additional areas are 
being considered for inclusion in the system 
pursuant to the ongoing RARE II review. New 
reservoir storage would probably not be per- 
mitted in these areas, once designated. Since 
they are located at higher elevations in upper 
watersheds, they would probably not contain 
potential sites for reservoirs; however, addi- 
tional wilderness areas at lower elevations 
could pose problems in siting storage facil- 
ities. A complete listing of wilderness areas 
that might be considered in the near uture 
would aid potential developers in locating 
their facilities in other areas. 
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Financing and Building New Reservoirs 


New reservoir and storage facilities would 
need to be constructed if a large shale indus- 
try were to be created. There are a number of 
possible policy options for the financing and 
construction of such facilities. 


Federal financing.—Congress could pro- 
vide for the construction and funding of new 
Federal water projects through two mecha- 
nisms. First, Congress could appropriate 
funds for those Federal water projects that 
already have been authorized. Several proj- 
ects have been evaluated by WPRS (formerly 
USBR), and their construction approved. Ac- 
tual construction of these projects cannot 
begin until they are funded. However, not all 
of these projects have been evaluated for 
their suitability to supply water for oil shale 
development, and some project features may 
not be optimally located to serve oil shale 
projects. 


A second option available to Congress is 
the passage of legislation that would specify 
the construction and funding of new, not 
previously authorized Federal water proj- 
ects. However, unless language was included 
to expedite construction, these projects 
would require a long review process. They 
could, however, be designed and sited with 
their purposes as water sources for oil shale 
(as well as other possible uses) in mind. An 
example would be constructing irrigation res- 
ervoirs with additional capacity for oil shale 
requirements. 


Under either option, DOI, through USBR, 
could operate these reservoirs in accordance 
with State water laws. Their costs could be 
recovered over the operating life of the facil- 
ities from revenues generated by selling 
water to oil shale developers and other users 
and in accordance with authorizing legisla- 
tion. 


State participation.—A State organization, 
such as the Colorado River Water Conserva- 
tion District (CRWCD), could finance and con- 
struct new storage facilities. CRWCD holds 
large storage decrees in the basin of the Col- 


orado River mainstem. The river district 
maintains that these decrees will likely be 
used as a source of supply for an oil shale in- 
dustry. Several possibilities exist for the 
funding of reservoirs. One possible funding 
arrangement might be to sell water from ex- 
isting State-administered reservoirs, such as 
Green Mountain and Reudi, to oil shale devel- 
opers at very high cost (e.g., $250/acre-ft/yr). 
The short-term needs of many potential oil 
shale developers, depending on the siting of 
their facilities, could be met from such exist- 
ing reservoirs. The profits from such sales 
could be used as leverage capital for market- 
ing public revenue bonds. The capital gener- 
ated from these bonds could then be used to 
finance the new reservoir facilities that 
would be needed by an oil shale industry in 
the longer term. A second funding scheme, 
which has been practiced by CRWCD in the 
past, is to sell options for water from pro- 
posed reservoirs to potential water users, 
thus raising the funds needed for the con- 
struction of the reservoirs. 


Developer financing.—Reservoir and stor- 
age facilities could be financed and con- 
structed by the oil shale industry itself. 


Financing and Implementing 
More Efficient Practices and Water 
Augmentation 


Surface flows in the Upper Basin could be 
increased if water conservation procedures 
were practiced by irrigated agriculture, 
municipalities, and industry. Weather modi- 
fication is another possibility. Since carrying 
out these approaches could be quite costly for 
a particular developer or municipality, their 
chance of being implemented might improve 
if Federal and State governments were to 
supply some special funding or incentives. 
The following are some possible ways this 
could be done. 


Funding and implementing water use 
practices.—Techniques for more efficient 
water use in irrigation and farming were il- 
lustrated earlier. As noted, farmers would be 


taking risks by adopting water conservation 
strategies because capital recovery would be 
uncertain and they might lose water rights. 
At the same time, improvements in irrigation 
and farming practices could substantially re- 
duce the demands for water in the Upper 
Basin. A number of options are available that 
would encourage such improvements. Con- 
gress could provide financial incentives, 
through such mechanisms as tax advantages, 
to those farmers who used water more effi- 
ciently. Technical assistance teams specializ- 
ing in conservation techniques could also be 
provided to cooperating farmers by the Fed- 
eral and State governments. In addition, Con- 
gress could give direct financial assistance 
through grant programs, administered either 
by Federal or by State agencies. 


Individual municipalities could institute 
voluntary education programs and regulatory 
strategies aimed at reducing overall water 
consumption. Regulatory programs could re- 
strict the watering of lawns and promote the 
use of water-saving devices. Cities could es- 
tablish peak-use surcharges, seasonal pricing 


_ differentials, and price incentives to reduce 


usage. Local municipalities could also adopt 
water conservation techniques for their 
wastewater treatment facilities. 


Municipal conservation techniques, wheth- 
er voluntary or mandatory, are costly. Fi- 
nancing is needed to pay for administrative 
personnel as well as to produce and distrib- 
ute educational materials. While these pro- 
grams would probably be administered at the 
local level, they could be financed at the Fed- 


| eral or State level by direct grants or cost- 


sharing programs. To help pay for carrying 
out costly conservation procedures in munici- 
pal wastewater treatment facilities, Congress 


could provide tax incentives for such expend- 


itures. 


Although oil shale facilities are expected to 


be efficient water users, a number of water- 
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conserving techniques could be used to mini- 
mize overall consumption. For example, some 
development technologies require less water 
than others—directly heated AGR has the 
lowest requirement (4,900 acre-ft/yr for 
50,000 bbli/d of shale oil), while indirectly 
heated AGR has the highest (about 12,300 
acre-ft/yr for the same output). Total industry 
consumption could be reduced by encourag- 
ing the use of the lowest water-consuming 
process. One congressional option would be 
to provide financial incentives to those fa- 
cilities that implemented this process. 
Another would be to provide tax advantages 
to any facility that introduced specific water- 
conserving techniques. Also, through Govern- 
ment contracts, Federal agencies could spe- 
cifically fund R&D by developers to improve 
the efficient use of water. 


Funding of weather modification pro- 
grams.—A number of Federal agencies, in- 
cluding the Departments of Commerce and of 
the Interior, have sponsored programs relat- 
ing to winter orographic weather modifica- 
tion. The Federal Government could continue 
to fund programs in the Upper Basin with the 
aim of eventually increasing overall regional 
surface flows. If programs are funded, they 
should include work to better understand the 
impacts of weather modification. 


Weather modification programs, although 
costly, could be undertaken by a State organi- 
zation, municipality, or private developer. 
However, the ownership of any additional 
surface runoff would be uncertain under the 
current water appropriation system, and 
legal complications could arise if cloud seed- 
ing were linked to drought in other areas. It is 
unlikely that a particular municipality or pri- 
vate developer would undertake such a pro- 
gram without some assurance that a portion 
of any additional runoff would be available 
for its own use. 
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Federal Sources of Water for 
Oil Shale Development 


Congress, under its constitutional powers, 
could make water available for oil shale de- 
velopments from Federal water projects, or 
potentially from the reserved right doctrine. 
If Congress decides that water from congres- 
sionally funded projects should be made 
available for oil shale development, then any 
legislation enacted should provide that the 
term ‘‘industrial use or purpose’”’ includes the 
use of water for oil shale development.* Con- 
gress could also amend the authorizing legis- 
lation for those projects from which water for 
oil shale development might be sought to per- 
mit the use of their water for that purpose. In 
such a case, legislation may be required if the 
project authorization does not list among the 
contemplated purposes for its water ‘‘indus- 
trial purposes’’ or some other category that 
could encompass oil shale facilities. The ob- 
jective of such legislation would be to over- 
come any administrative reluctance to permit 
the use of water for oil shale development 
under an authorization that did not specif- 
ically mention it. 


The power of Congress over reserved wa- 
ters is more limited than its power over wa- 
ters in congressionally funded projects. The 
use of water under the reserved right doc- 
trine must be “‘in furtherance of the purpose 
of the reservation.’’ For this reason, Federal 
water rights do not seem to be likely sources 
for oil shale development, except perhaps in 
the case of lands set aside for the Naval Oil 
Shale Reserves. This matter, however, is in 
the early stages of litigation. New reserva- 
tions of land set aside for the purpose of mak- 
ing water available for oil shale development 
would not appear to be a feasible alternative, 


* A Memorandum of Understanding exists between DOI and 
the State of Colorado with respect to the use of water from ex- 
isting or authorized WPRS (formerly USBR) projects. The State 
desires that the water not be changed from agricultural, munic- 
ipal, or light industry uses to energy production (including oil 
shale), that are inconsistent with State policies. Under this 
memorandum, the State will review any application to redis- 
tribute water from conventional uses to energy production. The 
memorandum could be superseded by congressional directives 
of overriding national importance. 


since Federal reserved water rights are sub- 
ject to rights vested prior to the date of the 
reservation. 


A final option available to Congess would 
be to deny Federal water for oil shale devel- 
opment, if it decides that such development 
should not be given a high priority. 


The Allocation of Water Resources 


If Congress were to pass legislation en- 
couraging the development of an oil shale in- 
dustry it might wish to address the issue of 
how the necessary water would be supplied 
and how oil shale legislation might affect 
water allocation. 


Water in the oil shale region is presently 
distributed by a complex framework of in- 
terstate and interregional compacts, State 
and Federal laws, Supreme Court decisions, 
and international treaty and administrative 
decisions. Within Western States, water 
rights are apportioned by the States to com- 
peting users according to a doctrine of prior 
appropriation under which water rights are a 
form of property separate from the land. 


If control over the water supply for oil 
shale is to be left to the States, then Congress 
should probably so specify in oil shale legisla- 
tion to avoid any question of the preemption 
of State water laws. Legislation that would 
confirm preservation to the States of the 
same power over water for oil shale as they 
have over other water supplies should re- 
quire the developer to comply with State pro- 
cedures in securing a water supply and pro- 
vide that the established State appropriation 
system has the same authority to grant, deny, 
or place conditions on water rights and per- 
mits as would prevail in the absence of the 
legislation. 


If Congress were to attempt to remove the 
water supply for oil shale production from 
the control of the States, strong legal and 
political resistance would ensue. Such re- 
sistance could delay oil shale development. 
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Interbasin Diversions 


Interbasin diversion is a technically feasi- 
ble although costly* option for bringing addi- 
tional water to the oil shale region. There are 
also serious political obstacles to this alter- 
native. The Reclamation Safety of Dams Act 
of 1978, amending the Colorado River Basin 
Project Act, prohibits the Secretary of the In- 
terior from studying the importation of water 
into the Colorado River Basin until 1988. If it 
were decided to pursue this option as a 
means of supplying water to an oil shale in- 
dustry coming on line in 1990, this prohibition 
would have to be lifted. 


Interbasin diversions could be used to 
relieve the water problems of the region in 
several ways. Water could be transferred di- 
rectly to the area, either exclusively for oil 


*The cost of supplying water by interbasin transfers is esti- 
mated to be no more than 5 percent of the total cost of produc- 
ing a barrel of shale oil. 


shale development or for all users. Alterna- 
tively, the water needs of Colorado’s eastern 
slope cities, presenlty being supplied in part 
from the Upper Colorado River Basin, could 
be met from other hydrologic basins. The 
water presently being exported from the Up- 
per Basin then could be used for oil shale de- 
velopment. In a third application of inter- 
basin transfers, all or a portion of the 
750,000 acre-ft/yr presently being supplied to 
Mexico by the Upper Basin States under the 
Mexican Water Treaty of 1944-45 could be 
taken from another hydrological basin (per- 
haps the Mississippi basin). The water thus 
freed in the Upper Basin could be assigned in 
part to oil shale development (750,000 acre- 
ft/yr would be sufficient for a 3,000,000- to 
7,500,000-bbl/d shale oil industry). 


The transfer of water from another hydro- 
logic basin could have detrimental impacts on 
that basin, and impact analysis should pre- 
cede diversion. 
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CHAPTER 10 
Socioeconomic Aspects 


Introduction 


An oil shale industry will bring new people 
into the oil shale region. As a result, the social 
fabric will be changed in ways both benefi- 
cial and detrimental. Growth problems aris- 
ing from the simultaneous development of oil 
shale and other energy resources are likely to 
be more difficult to solve than those from 
shale development alone. 


The 3,200-mi? area where near-term devel- 
opment will take place is rural and sparsely 
populated. The three counties in Colorado 
have only one community with over 5,000 res- 
idents. Even without expansion of the oil 
shale industry populations are projected to 
increase significantly. If a major oil shale in- 
dustry is created within the next two decades 
there could be average growth rates of up to 
40 percent per year in the early stages of de- 
velopment. Such a rapid population influx 
would have inevitable social and economic 
consequences. Among the benefits would be 
increased employment and expanded commu- 
nity services. Direct employment in the shale 
industry and the stimulation of support indus- 
tries and services would increase wages. The 
larger tax base would permit the counties 
and municipalities to extend and upgrade 
their facilities and services. As long as the 
public and private sectors could keep pace 
with the growth, most residents probably 
would welcome it. Among the negative conse- 
quences could be a strain on public services 
and facilities, an increase in crime and other 
manifestations of social stress, certain pri- 
vate-sector dislocations such as business fail- 
ures, and in the eyes of some, a deterioration 
in their quality of life. If these negative out- 
comes overwhelm the capacity to adjust, a 
boomtown situation would result, similar to 
what has happened in other western and 
plains communities during the rapid develop- 
ment of energy resources. 


Time, money, and technical help are 
needed to ameliorate the detrimental aspects 
of sudden growth. Communities need time to 
catch up, particularly if extensive construc- 
tion of private and public facilities—such as 
housing and water and sewer systems—is in- 
volved. Both Federal and State governments 
and oil shale developers are providing impact 
mitigation funds and technical support. To 


date in Colorado, upwards of $50 million of 


public and private funds have been invested 
in preparations for shale development 
growth. Programs to administer these re- 
sources have been successful, but they have 
yet to be tested under conditions of sustained 
rapid growth. Assuming that present plans 
can be realized in a timely fashion, a total of 
about 35,000 people could be accommodated 
in existing communities in the 1985-90 period. 
Any development that brought more than this 
number into the area would cause wide- 
spread problems unless the growth were 
carefully timed to the region’s ability to ac- 
cept the new migrants, or plans for additional 
new communities were quickly implemented. 


The maximum growth rate that can be sus- 
tained by these communities before boom- 
town symptoms emerge, and the nature of the 
appropriate Federal role with regard to so- 
cial and economic impacts are major issues. 
The Federal Government now is involved with 
impact identification, evaluation, and mitiga- 
tion, but additional activities are controver- 
sial. Possible congressional policy options 
would be to continue present financial sup- 
port to mitigation programs, to increase ef- 
forts to manage growth through regulation, 
and to expand Federal involvement in mitiga- 
tion programs, including passage of new leg- 
islation directed to energy development in 
general or to oil shale impacts in particular. 
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The Setting 


Historical Background 


Oil shale country covers about 17,000 mi? 
in the tristate area of Colorado, Utah, and 
Wyoming. (See ch. 4 for a description of the 
geography of the region.) Archeological evi- 
dence reveals that people probably have lived 
there for at least 10,000 years.' The ances- 
tors of today’s Ute Indians arrived at an as 
yet undetermined time. The Utes were a no- 
madic people who lived in a few permanent 
settlements and had many scattered hunting 
camps. The earliest direct contact between 
these indigenous people and Europeans was 
most probably with Spanish explorers, and 
British and French fur trappers and traders. 
Trade between the Indians and the Euro- 
peans existed from the 1600’s onward. 


In the late 1700’s and early 1800’s, contact 
with Western explorers, traders, hunters, 
and trappers increased. In 1776, the Esca- 
lante-Dominguez expedition passed through 
the region in search of an overland route to 
California.” In 1868, John Wesley Powell led a 
party across Berthoud Pass, into Middle 
Park, and eventually to the White River val- 
ley. A small group wintered at a site near 
Meeker, Colo., which is now called Powell’s 
Park.’ The number of people entering the 
area rapidly increased during the mining 
boom of the mid-1800’s. Settlement was made 
easier when transportation was improved. 
The Denver and Rio Grande Western Rail- 
road obtained the route through the Colorado 
River valley to Salt Lake City. The Colorado 
Midland and the Denver and Salt Lake City 
railroads explored the White and Yampa 
River valleys as alternative routes, although 
neither was built. 


The United States obtained title to the land 
as part of the Mexican Cession of 1848. From 
the time of the Cession until the 1880’s the 
United States engaged in a number of treaty 
negotiations and councils with the Indians.‘ 
The treaties ceded the mineral lands to the 
United States and established reservations 
for the different bands of Utes. The final 


treaty was ratified by Congress in 1880. 
Under its terms, the White River Utes were 
given land in Utah in the southern part of the 
Uintah Indian Reservation to which they were 
removed in September of 1881. Congress de- 
clared the former Ute lands as public domain 
on June 28, 1882. 


While the ownership questions were being 
debated, squatters appropriated some land il- 
legally. In 1879, when miners founded Car- 
bonate in the Flattops area north of Glenwood 
Springs, Colo., they displayed their aware- 
ness of this by naming their first building Fort 
Defiance. Coal camps were established west 
of Glenwood Springs along what came to be 
known as Coal Ridge Hogback. While silver 
and gold lured the miners, the rich grasslands 
attracted cattle and sheep raisers. Large 
beef herds roamed free; one in 1888 was 
numbered at 23,000.° The great runs lasted 
until the turn of the century, when they 
became uneconomic owing to severe winters 
combined with overgrazing. 


Ranching, mining, and recreation became 
the economic cornerstones of the region. Al- 
though no great precious metal strikes were 
made, coal mining formed a stable industry 
for many decades. Coal was produced for the 
railroads and for the steel mills of Pueblo, 
Colo. (See ch. 4 for the history of oil shale and 
related mineral exploration.) Farms and 
ranches were established as homesteading 
flourished. Hay production in the valleys 
became profitable, especially with the advent 
of irrigation. The visits of Theodore Roosevelt 
to the Flattops area in the early 1900’s, with 
their attendant publicity, gave impetus to 
tourism.® Communities grew, with Rifle, 
Meeker, and Rangely, Colo., as centers of 
trade. The town of Meeker was incorporated 
in 1885. A trading post was built at the loca- 
tion of Rangely in the early 1880’s. Oil was 
discovered nearby in the early 1900’s and 
production began in the early 1920’s. Smaller 
communities sprang up along the valleys. 
West of Rifle, the town of De Beque was in- 
corporated in 1890. Grand Valley, founded in 


1882, soon became a farming center. To the 
east of Rifle, New Castle was the hub of the 
coal communities. Many of the residents to- 
day are descendants of the early settlers. Oil 
shale country, therefore, is an area with 
stable communities populated by many long- 
established families. 


The Oil Shale Country Today 


Agriculture, mining, and recreation have 
continued as the main economic activities.’ 
Livestock grazing is the leading agricultural 
use, followed by dry land farming, and irri- 
gated cropland production. Hay and winter 
wheat are major crops. The best irrigated 
land is in Mesa County, Colo., outside the im- 
mediate oil shale area, where orchards have 
long been established. Mineral resource pro- 
duction, mostly oil and gas, and recently coal, 
constitutes the major mining activity. Tour- 
ism, fishing, and hunting have long been the 
mainstays of the recreational sector, and 
with the expansion of winter sports areas in 
the mountains, year-round recreation has 
become important. In recent decades, trade, 
manufacturing, and construction industries 
have grown, along with public and private 
services. Economic indices, such as retail 
sales and per capita and family income, have 
reflected a steady economic growth.?® 


The oil shale region encompasses about 
eight counties. (See figure 69.) In Colorado, 
these are Rio Blanco, Garfield, and Mesa; 
some social and economic effects from ex- 
panded oil shale development may also be felt 
in Moffat County, north of the Piceance basin. 
The counties in Utah that will be affected are 
Uintah, Daggett, Grand, and Duchesne. The 
tricounty area of Colorado covers 9,563 mi’, 
has a limited transportation system, and in- 
cludes about a dozen communities that could 
be affected by oil shale industry expansion. 
(See figure 70.) 


Stretching along the southern edge of oil 
shale territory, Mesa County is the transpor- 
tation and service center for the western 
slope of Colorado. Grand Junction, the largest 
city of the region, is the site for the offices of 
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several energy companies. Interstate 70 (seg- 
ments of which are not yet completed) ex- 
tends eastward up the valley of the Colorado 
River and westward into Utah; it is 260 high- 
way miles to Denver and 285 to Salt Lake 
City. The only airport on the western slope 
able to accommodate commercial jets is in 
Grand Junction. The Denver and Rio Grande 
Western Railroad also has extensive facil- 
ities there. 


Garfield County lies adjacent to Mesa 
County on the north. It encompasses the Roan 
Cliffs along the southern border of the Roan 
Plateau, and is the site of most of the private 
oil shale holdings. The Colorado River flows 
through the eastern part of the county, and 
transportation is readily available along this 
corridor. Glenwood Springs, the county seat, 
is located in the eastern portion. Rifle, Grand 
Valley, Silt, and New Castle are communities 
affected by the present modest scale of oil 
shale development. Rifle is the home of many 
oil shale workers from tracts C-a and C-b. A 
vanadium plant is located nearby, and coal 
development activities have recently in- 
creased along the valley. The Naval Oil Shale 
Reserve at Anvil Points lies between Rifle and 
Grand Valley. If present trends continue, the 
Rifle vicinity will experience the most growth. 


Rio Blanco is the county most likely to ex- 
perience the major effects of expanded oil 
shale development. Lying between Garfield 
and Moffat Counties, it is where the richest 
oil shale deposits in the United States are 
located. Most of these are on Federal lands in 
the Piceance basin. Rio Blanco is the least 
populated of the three, and has the most lim- 
ited surface transportation. The White River 
flows along the northern part; the two major 
communities, Meeker (the county seat) and 
Rangely, lie within the river valley. Rangely is 
a center for oil and gas development activ- 
ities. The primary north-south highway goes 
from Rifle through Meeker and Craig and 
then on to Wyoming. The main east-west road 
goes from Meeker to Rangely, before turning 
north to Dinosaur, where it passes into Utah. 
A State highway goes south from Rangely 
through Garfield County and eventually to 
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Figure 69.—Counties of the Oil Shale Region 


Lule a a es © au oe " Sigeaaaaey airs Rory, 
4 SHERIDAN e 
pas Oe ay BIG HORN pa ant 2 CROOK 
w 
| i ee 
| hy JOHNSON = . 
e CN Fe _WASHAKIE a estoy 
| LETON Sik HOT SPRINGS e 
i ae ad 
Ka Ly ins 
f > Y . 
Q 
| " Wr eKor M IN GY | gs | 
° z zt 5 
| 5 SUBLETTE > & Te j 
aii 
| 2 aie deed ieee 
be oe | lo w 
: eal ae 
er > < ee 
: = ma ered 
SWEETWATER Sep. me ah 
— < 


LARAMIE 


=_- 


ie hy 


LOGAN 


| seoomie . 


JACKSON 
ROUTT 


LARIMER 


SEVIER 


| IRON ae 
cantare! event yam 


° 
ee | 
bee eee al ° o—uue ¢qmmEe ¢ quem © ae « aes © ae 


SOURCE: The National Atlas, Department of the Interior. 


Grand Junction. A county road extends along 
the Piceance Creek valley and another goes 
eastward from Meeker up the White River 
valley to recreation areas. These are the only 
improved roads to serve the 3,263 mi? of Rio 
Blanco County. 


Moffat County, which occupies the ex- 
treme northwest corner of Colorado, abuts on 
Wyoming to the north and Utah to the west. 
Its county seat, Craig, is in the east-central 
portion. The population of Moffat County has 
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approximately doubled in the past decade 
with most of the growth centered in Craig. 
Coal development and the construction of a 
760-MW coal-fired electric generation plant 
account for most of the expansion, which is 
expected to continue with a possible doubling 
in the size of the powerplant. Because Moffat 
County lies to the north of the principal oil 
shale areas, it will probably only experience 
indirect effects from shale development. The 
town of Dinosaur, however, which is located 
18 miles northwest of Rangely in the extreme 
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Figure 70.—Communities in the Colorado Oil Shale Region 
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southwestern corner of the county, could be 
directly affected. It has already grown from 
oil and gas exploration, and oil shale activ- 
ities in Utah as well as the Piceance basin 
could further accelerate its growth. 


In sum, the oil shale region of Colorado, 
Utah, and Wyoming is a large area with a 
small population. Most of the residents are 
found in widely separated communities that 
are linked by a few highways. Before the re- 
cent increase in energy-related industrial ac- 
tivity, the main economic base was ranching 
and farming, supplemented by tourism, recre- 
ation, and mining. A large number of new res- 
idents have migrated to Moffat County, to the 
north of the oil shale region. The fastest 
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growth from expansion of the shale industry 
will most likely take place in the least popu- 
lated county, Rio Blanco, which contains the 
richest oil shale deposits. Garfield County is 
apt to experience major impacts from its 
growth. 


Early Planning for Oil Shale Development 


Concern about the social and economic ef- 
fects on Colorado communities of large-scale 
oil shale development was expressed in the 
late 1960’s.° As a result, planning activities 
began in the early 1970’s. The environmental 
impact statement (EIS) filed in conjunction 
with the Prototype Leasing Program exam- 
ined some social and economic elements. 
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However, its lack of detail prompted industry 
to take the initiative to undertake additional 
analysis. In 1972, an Oil Shale Regional Plan- 
ning Commission was formed, which took an 
inventory of the area and of shale technol- 
ogies. Contracts with consulting firms pro- 
duced several planning documents.” The re- 
sponsibilities of the Commission were as- 
sumed later by the Colorado West Area Coun- 
cil of Governments (CWACOG). An aware- 
ness of the need to prepare for growth 
prompted these early planning efforts, but as 
work proceeded, an atmosphere of uncertain- 
ty arose. When the lessees requested suspen- 
sions, expansion of the oil shale industry be- 
came questionable in the minds of many who 
were charged with the responsibility of pre- 
paring for its consequences." 


Local programs to minimize possible ad- 
verse affects were begun after the leasing of 
tracts C-a and C-b. The C-a lessees, Rio Blan- 
co Oil Shale Co. (Gulf Oil and the Standard 
Oil Co.—Indiana), prepared an impact anal- 
ysis for their operation.'’? They hired a con- 
sultant, the Foundation for Urban and Neigh- 
borhood Development (FUND), to survey com- 
munity attitudes toward energy development 
in Rangely, Meeker, and Rifle. The lessees 
also engaged a planning firm, the Gulf Oil 
Real Estate Development Co. (GOREDCO), 
that—with the participation and direction of 
the community—prepared a comprehensive 
development plan for Rangely. The master 
plan was completed in 1976 and subsequently 
adopted by the town, certified to the county, 
and incorporated in the county plan. Through 
FUND an attorney was engaged to update 
and codify Rangely’s municipal ordinances. 
The lessees also contributed to the improve- 
ment of the county road leading to tract C-a, 
and paid for the design and preparation of 
cost estimates for a 22-mile extension from 
the tract more directly to Rangely. 


In 1976, the lessees of the C-b tract (at that 
time consisting of Ashland, Atlantic Richfield, 
Shell, and Tosco) published a baseline de- 
scription and an impact analysis study." Like 
the tract C-a lessees, they hired a consulting 
firm, Quality Development Associates (QDA), 


to prepare socioeconomic monitoring reports 
and to work with local citizens on strategies 
for managing growth. The lessees were also 
members of a private development, the Col- 
ony project. Several socioeconomic reports 
were prepared as part of this joint effort," 
and, under the direction of Atlantic Richfield, 
early plans were prepared for Battlement 
Mesa, a proposed new town to accommodate 
workers from the Colony project."® 


The tracts C-a and C-b lessees each con- 
tributed $40,000 to help establish the Rio 
Blanco County Planning Department. The 
money was used to prepare a comprehensive 
plan that was adopted and certified to the 
communities in the latter part of 1976. Both 
groups of lessees funded development of a 
growth-monitoring model by CWACOG, and 
the original tract C-b partners and one of the 
C-a partners participated in the preparation 
of a tax study. Planning was also underway in 
Utah between 1970 and 1975. For example, in 
1975 a socioeconomic analysis was published 
by the White River Shale project that dealt 
with the effects of the proposed development 
of a 100,000-bbl/d industry in Utah." 


The value of the early studies varied be- 
cause each had a different emphasis, cover- 
age, and set of basic assumptions. Comparing 
the multipliers used to derive projected 
growth illustrates these differences. To ob- 
tain an estimate of new employment fostered 
by a project (local service employment), the 
expected work force for the project (basic 
employment) is multiplied by some factor 
(multiplier). Table 87 compares the multipli- 


Table 87.—Comparison of Basic to Local Service 
Employment Mutipliers 


Multipliers used 


Construction Operating 

Illustrative study@ phase phase 
Le PLO DG Elon, agree ss ot ee ae .63 this 
2. C-a (Rio Blanco) Social & Economic 

Statements eh An ae eee 3d) 5 
3. C-b Socio-Economic Assessment .....  .5to 1.0 1.5 
4. CORY ClScte. rt Sc gee ee 29 os 
Je-Uinta Basin Study. 0°26 eee rOnOneO 1.0to 1.5 


4See ref. 17 for full title of the studies. 
SOURCE: Office of Technology Assessment. 
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ers used in five of the early studies.'? These 
vary so much that a single increment of em- 
ployment can result in a twofold to threefold 
difference in the projected populations. (The 
five studies are compared in greater detail in 
tables 88 and 89.) 


The differences occurred for several rea- 
sons. In the EISs, socioeconomic factors re- 
ceived little emphasis because at that time 
they were not considered—as is now the case 
—essential to environmental impact analysis. 
In general, the EISs assumed that existing 


Table 88.—Baseline Data—Selected Social and Economic Studies (each dot indicates the inclusion in the study of this category of data) 


Data categories@ 


Title of study? 


Prototype EIS and economic socioeconomic 


C-a social C-b 


Colony EIS —_— Uinta Basin 


Existing economic/demographic data 
Population and employment 
COUNTY, DODUIMION mec igus omit aos a se rex ches EE Vek see region Tk 
Numbenotihouseholds byiGOunty aniacgenue: «stam anew eee te 
Numbenot households by COMMUNIWS s.- sho. +e ee oe een ee 
Labor participation by COWMLY: i . AD ee ep eae ewe sa 
Education 
BPC CTIC IED COUSLY peu loki: Scchsiicesaiing ao auc en tanita Pete® oio le cisrs © Sons 
EACHIMCTILIDV SENOOI.CUSEICL Fc cgs te ateven ayy aos’ senile tae eenphe ee 8 sees 
ERIE DUD Y CIUY se bAcartheminns = tha trick wo wie ba area cor eee 
STIGEMMALGACIIG MALIOle weteaett en ne iy tetera toh ae eis eter cieritetin fe a emits) 
Mediatrschool years-atiaineds - 5. fo. ce ku we Ge twa eee oak 
POUGUUNNOVER(dIOS aye Hos a eg awe haa ee RO ee Ree 
Employment by industry 
Total employed—sector by county ............-.- eee eee ee eee 
Total employed—sector by City... 6.2... ce eee ee ee eee 
Total employed—sector by region. ... 6. eee eee eee eee eee 
Employment—other energy industry............-2 0s eee ee eeees 
Family/individual income indicators 
Median family income by county...........-.2 02sec eee eee eee 
Per Capita income by COUNTY) 6 oe. ce cea cae eee eee es 
Unemployment rate by county ...... 0.2... eee eee ee ee eee 
POVErY Slats DY COUNTY yto aa. Bisa eles cola ae es ae one Be 
Rate of population growth 
By county and community eee. ee cena ee aa 
Projected without oilshale.. 1... 2... ce eee ee eee cet ee eee 


Existing public services/facilities 
Education 
Age of school buildings by district... 2.2.6... 0. sees e eee eee 
GentiiicU Sider Re ee ts ry ae ee eee et er gieanan ern fo 
EXEeoa UGNTCADGCIIY etre eet Mee eee ie ce ee ye css ees ass 
Public safety 
Fire/ police protection by area... 2... 6. ee ee eee neem eee ee 
Manpower/number of vehicles ....... 2... 0-0 eee ce eee eens 
Water 
Estimated depletion (1970) byregion...........- 2. eee eee eee 
Statue ol projects by Statemas. ..2 ss saan Se cies ce ppm? ee 
Source, storage capacity, number of taps per population served 
EUS OHINTIU cee teeny ere ot iol aee, ig es igh ve aheken oi e liste 4 
StalweOl Walee nights kins fey wks holes ele wes eh RR ashlee ws 
Wastewater and solid waste disposal 
Treatment facilities by community type/ population served/design capacity 
Transportation 
Existing roads/airports by county... ..... 6... 0s ee ee eee eee eee 
Status ORCUMEMUDNOPEC ee. © es aye eS eehalle eo sates ay oe sactinns 
Average weekday traffic counts .. 2... 6... eee eee 
Health 
Facilities/manpower by county ........- 0... e eee eee eee ees 
MenialheaithtaciGs weal. en ukaeie nes a seme © oes uke here cl 
Recreation and land use 
RESGUICA MIVOIIOIM Paty oak fe teria ce bos panils fen rede ogee Rp h ny «os 


63-898 0 - 80 - 28 
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Table 88.—Baseline Data—Selected Social and Economic Studies —continued 


Data categories@ 


Prototype EIS and economic socioeconomic 


Title of study® 
C-b 


C-a social 


ColonyEIS —_ Uinta Basin 


Recreational Tacivties by type; ce Oe ee, eee 
Land by ownership by countyoeee nae, Se 
AQKICURU I and by GOUNTY i. carte Pes, oe A ieee ek E | 


Government structure/fiscal information 

County/municipal government finance 
Revenues and expenditures by county 
Municipal revenues and expenditures.......................... 
Property tax: valuation, average mill levy, and total levy by cou GP oe co conan 
Distribution: of levy revenues by county s,2: sasesseneeel cde oc mae . 
Sales tax information 


School district finances 
Totabexpendiures bY COUN Auk fa eu ts tee ee ae 
Total and per capita expenditures by districts..................... 
Comparison of per pupil expenditures and mill levies DYICISthiCtS enema 
Mill levy by fund; assessed value revenue by source: by district........ 
Bonding: principal and remaining capacity 


Housing 

Inventory and costs 
ESUMaIed MOUSING DY COUNTY EHD aus deh. ie oneal Whe ee a NY § 
oralus of available units by typer Vora. Ga, ee 
Viatlie.o} owner-occupied limits eer ie Poo a ee 9 
Valueipt othegainits) 7 akoolag aw yee ok Ws Be. oe aes 
Projected needs by tenure by county. ¢ 6. .,.. 0<®s..aaevs.eBodscs 
Characteristics Dy type DVcysrer, Wher, fas, tLe Ge eee es 


Public opinion 
Local opinion regarding: 
Socioeconomic environment and quality oflife.................... 
Attitudes about changes in quality of life and society................ 
Attitudes about perceived advantages/disadvantages 
or oliehale developments; 4.0.0 uee yk oe ee, 


Data categories are for illustration. No attempt has been made to include all of the information in these studies. 


DSee ref. 17 for listing of full title. 
SOURCE: Office of Technology Assessment. 


mechanisms could deal with most conse- 
quences of growth. When it became apparent 
they could not, subsequent studies went into 
greater detail about the effects of the ex- 
pected growth and possible remedial actions. 
Not all of the studies, however, included the 
same types of information. For example, com- 
munity facilities and local government data 


were not made a part of the C-a analyses be- 
cause they were in the Rangely master plan. 
Little attention was paid in any of the studies 
to other resource development projects an- 
ticipated or underway in the region. As a 
result, all of them are deficient in analyzing 
the cumulative effects of industrial expan- 
sion. 


Mechanisms to Manage Growth 


Local Infrastructures 


In Colorado, Garfield, Rio Blanco, and 
Mesa Counties all have planning councils, 
professional planning staffs, and approved 
countywide comprehensive plans. Meeker, 


Rangely, Rifle, and Grand Junction have full- 
time city managers, and Grand Junction and 
Rifle have city planners. Rio Blanco County 
has adopted an ordinance applying to land 
use that, in certain circumstances, requires 
filing an impact analysis statement specifying 
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Table 89.—Impact Data—Selected Social and Economic Studies (each dot indicates the inclusion in the study of this category of data) 


Title of study® 
C-a social C-b 

Impact categories@ Prototype EIS andeconomic socioeconomic ColonyEIS — Uinta Basin 
Population/employment projections 
Ota DASle DON UIALON DMOJECTONS . |, cacceta emery net onc eeen eas etree eee e ° e e 
Project-related employment projection®..............0 cee eee eee ee e e e e 
Estimated family size for construction and service populations........... ° ° ° ° ° 
Timelag included for local service employment forecasts............... ° ° ° 
Estimation of community choice for residence and allocation of population. . . e ° e ° 
Community facilities /services projections® 
Education 

Site and plant costs; personnel needs; salary requirements........... e 

Projected numbers of pupils and room requirements..............-. 8 e 

Projected increase in demand for teachers and classrooms ........... e 
Public safety 

Firerend pollcemeeds angcosts . h0 0%. a tama sk Viale ee cee oe e ° 

Cumulative impact on facilities and personnel ................005. e 
Water 

EXDErICeOGOs DY LECHTOIOGY ccc. Ai lbtke wind) = veigen «4 pba one erat e 

Needed improvements and estimated costs—one municipal system ..... ° 

Projected site, plant, personnel, and salary requirements ............ e 

Capacity and expansion by towns; depletion by sector byregion....... ° 
Solid waste misposaliand WaStC Wale emaces Mev gueticts mcl. ne tats ches e ° e 
DEANS DONTALIONY Cerne Sec MGR MERE ra sn cae edge va oka Ramee e e ° 
GUERN IN S Bs coh ara CRA ethos 2-9 oP tl eRe cer cee Oar ea e e 
Meritaliiealtiteeeens saseetaereic hte cia: 2 cokes aioe ett sweats Wa. ale ° e 
Recreation 

anil es DY. crate DY [BCHTOMEY a)... pnie es slide mgd ken spade oe e 

Projected open space and recreational needs andcosts.............. e 

New sites and facilities needed (project development area) ........... e 
Local government fiscal need projections 
School disinict financing MECOS 2 ise. S27 leh bai, eee chu thal = - - e 
County and municipal government finances 

Estimated Federal, State, and local revenues by tax source by State... .. ° 

Projected total revenues and expenditures; by tax source/per capita. ... . e e 

Facility and personnel costs; valuation and taxes levied.............. e 

|mpact by development pattern or project phase................... e e 
Housing 
Projected housing requirements 

Types needed by development phase .............-. 0s secu eee, e ° 

Demand HViCOmMuUityyees Wee ee ratsmsceror bane egann nett ier adeede oo = e e 

Land use requirements by units per acre, total units, andtype......... e 
Public construction expenditures and tax receipts by State............. e 
Recenticonsinichon DY COMMUNINICS 3. mh amaeises cho. a Eater. 4 - ° 


4\mpact categories are for illustration only. No attempt has been made to include all of the information available in these studies. 
DSee ref. 17 for a listing of full title. 

CSee text for a discussion of the differences in the projections as a function of the multipliers used in each study, 

See text for an explanation of the lack of information for the C-a social and economic study column. 


SOURCE: Office of Technology Assessment. 


actions that will be taken to alleviate any 
adverse effects of changes in land use." 


In the early planning stages, special groups 
were created in Rio Blanco and Mesa Coun- 
ties and the Rifle area. The most active, 
called the Impact Mitigation Task Force, is in 
Rio Blanco County. It was initiated following 
a series of informal meetings between indus- 


try representatives, their consultants, and 
county officials, and consists of about 30 
members organized into a core group and two 
advisory panels. The core group, which meets 
monthly, is composed of the county commis- 
sioners; the city manager and mayor from the 
two municipalities, Rangely and Meeker; and 
representatives from industry, the Federal 
and State governments, and CWACOG. It has 
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Monthly meeting of the Rio Blanco County Impact Mitigation Task Force 


been officially designated to serve in an ad- 
visory capacity to the county commissioners. 
One advisory panel represents Meeker and 
the eastern part of the county, the other 
Rangely and the western portion. Many dif- 
ferent interests are reflected, including agen- 
cies such as the sanitation district and the 
public schools, and less formally organized 
groups such as youth. The advisory panels, 
which also meet once a month, discuss differ- 
ent growth-related topics, and forward their 
concerns to the core group. They have pre- 
pared needs assessments on a variety of gen- 
eral subjects and have reviewed specific 
issues such as housing for teachers. 


The Rifle area organization was formed in 
mid-1977 with a core group and series of 
working panels. When first established, it 
was Called the Development Impact Commit- 
tee, and consisted mainly of Rifle residents. A 
county commissioner from the area was a 
member but countywide communication was 
not extensive. Most of the development and 
planning management activities were carried 


out through the Rifle planning and adminis- 
trator’s offices. In the fall of 1979, the orga- 
nization was enlarged to involve other com- 
munities along the Colorado River valley. The 
core group was broadened to include all of 
the county commissioners and represent- 
atives from each of six towns. To advise the 
core group, a West Garfield Impact Commit- 
tee was created composed of 19 voting mem- 
bers chosen to represent a wide range of in- 
terests. The Impact Committee will undertake 
planning activities and recommend to the 
core group which projects they support for 
submission to the State for funding assist- 
ance. Prior to the establishment of this proc- 
ess, requests were made through the cities 
directly to the county commissioners. 


In December 1977, Mesa County organized 
an Impact Assistance Team. Fifteen mem- 
bers, representing local, State, and industry 
interests, review funding requests made to 
the county commissioners. Applicants must 
provide information to the team justifying 
their requests. Responsibility for setting 
priorities rests with the commissioners. 


EE 
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The Functions of the Local Planning Processes 


The work of the special groups has cen- 
tered around three areas: physical planning 
and development, information generation and 
transfer, and screening and placing priorities 
on requests for funding. As an illustration of 
the first function, the Rio Blanco advisory and 
core groups, using population forecasts pro- 
vided by CWACOG, have reviewed the ability 
of local public facilities, such as sewer and 
water systems, to handle larger loads, and 
have helped plan expansions where appropri- 
ate. Needs for housing, schools, recreational 
facilities, and downtown redevelopment have 
also been considered. Each planning group 
has struggled with the implications of com- 
prehensive land planning for its region. 


Because energy development often involves 
uncertainties about factors such as the timing 
of construction and the size of work forces, 
obtaining accurate information is important 
to officials and residents. The best estimates 
available are required and, in this regard, 
most groups receive frequent updates from 
industry representatives about the status of 
their projects. Sharing information also in- 
volves communication between local officials 
and citizens. The advisory groups provide a 
public forum for the presentation, analysis, 
and discussion of issues, which allows indi- 
viduals to help determine future growth pat- 
terns. The core groups, especially when 
screening requests for impact mitigation 
funds, help establish a consensus among local 
interests on priorities and policies. 


An important function of each group is rec- 
ommending to their respective county com- 
missioners which project applications should 
be forwarded to the Federal and State gov- 
ernments for consideration for funding. The 
Rio Blanco County structure is unique in this 
respect. The involvement of the task force 
core group and advisory panel members with 
local officials, industry representatives, con- 
sultants, CWACOG, State legislative and ex- 
ecutive staff, and Federal agency personnel 
broadly allocates responsibility for decisions. 
Having the task force place priorities on ap- 


plications for financial assistance validates 
the process and formalizes the responsibility. 


This consideration of the functions of Col- 
orado’s local planning mechanisms illustrates 
several general questions related to socioeco- 
nomic effects. Among them are: 


e Who identifies the consequences of 
growth? 

e Who judges whether these are positive 
or negative? 

e Who determines which ones require re- 
dress? 


Local entities address all three questions in 
the model presently operating in Colorado. In 
some instances, these are established govern- 
mental units, such as planning offices; in 
others, unique panels with broad community 
representation. The latter arrangement has 
several advantages. It allows individuals 
close to the communities to judge the balance 
between positive and negative impacts, and 
provides an opportunity for citizens with dif- 
ferent interests to propose solutions to local 
problems. Many share the responsibility of 
deciding which difficulties are severe enough 
to require assistance beyond that available 
from local resources. The assumption under- 
lying the model is that those affected should 
have the prerogative of deciding what a nega- 
tive impact is and how it might be amelio- 
rated. 


Private Sector Contributions 


Throughout the West, energy development 
industries are contributing significantly to 
growth management.” As previously noted, 
several oil shale developers have voluntarily 
contributed to projects in communities af- 
fected by their activities. The Rio Blanco Oil 
Shale Co., for example, spent over $700,000 
in direct grants and purchases of services to 
assist the Rangely area and over $135,000 in 
support of Rio Blanco County. The Colony De- 
velopment Operation invested about $3 mil- 
lion to acquire land and plan for the new 
town of Battlement Mesa. Industry has also 
adopted programs to deal with particular 
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problems. To reduce traffic and contribute to 
highway safety, the tract C-b lessees operate 
buses for their workers from Rifle to the 
tract. They have also provided financial as- 


Se lt 


sistance to real estate developers for con- 
struction of apartment units in Rifle and 
Meeker, and for a mobile home park in Rifle.” 


Photo credit: OTA staff 


Apartment units in Rifle, Colo., developed with industry assistance 


State Programs 
Colorado 


Colorado’s programs largely involve finan- 
cial and technical assistance. Financial sup- 
port is directed to municipal, county, and pri- 
vate agencies with money obtained from two 
main sources, lease revenues collected by the 
Federal Government and severance taxes col- 
lected by the State. Technical assistance is in 
the form of information gathering and dis- 
semination, advisory services, program co- 
ordination, and similar support activities. 


AGENCIES INVOLVED IN MITIGATION PROGRAMS 


Two State governmental groups are in- 
volved in Colorado’s programs for impact 
mitigation: the Division of Energy and Miner- 
al Impact in the Department of Local Affairs 
(DLA) and the Joint Budget Committee (JBC) of 
the General Assembly. 


JBC is a legislative committee composed of 
members from both houses of the Colorado 
General Assembly. It is responsible for draft- 
ing the State budget and forwarding it to the 
Assembly for final action. In 1974, the Gen- 
eral Assembly created the State Oil Shale 


ee 
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Coordinator’s Office,” which subsequently 
evolved into the Governor’s Socio-Economic 
Impact Office (SEIO). SEIO, the lead agency 
for coordination within the State government, 
is now the Division of Energy and Mineral Im- 
pact in DLA. The Division reviews requests 
for Oil Shale Trust Fund assistance (de- 
scribed below), and recommends projects for 
funding to JBC. It is also responsible for con- 
tract negotiations and for administering ap- 
propriations. The Division also handles miti- 
gation programs for communities experienc- 
ing boomtown impacts from other types of de- 
velopment. DLA coordinates State and local 
mechanisms in several ways: 


e reliance on local and regional groups to 
take an advocacy role in presenting local 
needs to State agencies, 

e review of requests by State-level agen- 
cies involved with or that might be af- 
fected by mitigation projects, and 

e administration of appropriations and 
contracts through field representatives 
in concert with local officials and con- 
tractors. 


Financial Assistance. — 


Federal Revenues.—Under the provisions 
of the Mineral Leasing Act of 1920, as 
amended,” each State receives 50 percent of 
the proceeds from the sale or lease by the 
Federal Government of public lands within 
the State. Colorado has created two distinct 
funds to receive these revenues: one for those 
returned from oil shale lands and another for 
those returned from lands other than oil 
shale. The former is called the Oil Shale 
Trust Fund and the Oil Shale Interest Earned 
Fund; the latter is the Colorado Mineral Leas- 
ing Fund. 


e Oil Shale Trust Fund and Interest 
Earned Fund. Colorado’s Oil Shale Trust 
Fund”? was created in 1974 to receive 
those revenues specifically coming from 
lease payments, royalties, and bonuses 
on the two Federal oil shale tracts in 
western Colorado. To date, the Oil Shale 
Trust Fund has received payments cor- 
responding to the first three bonus pay- 


ments paid to the Federal Government 
by the tract lessees. Under the bonus off- 
set provision of the Prototype Leasing 
Program, expenditures for certain devel- 
opment work on the lease tracts can be 
credited against the final two payments. 
Since the lessees have proceeded with 
development, it is likely that 100 percent 
of the final two bonus payments will be 
offset, and that, therefore, neither the 
State nor the Federal Government will 
receive any additional lease payments in 
cash. (See table 90 for a summary of the 
Fund’s revenues.) 


The State statute creating the fund 
specifies that the income shall be dis- 
bursed as follows: 


... for appropriation by the General 
Assembly to state agencies, school dis- 
tricts, and political subdivisions of the 
state affected by the development and 
production of energy resources from oil 
shale lands primarily for use by such 
entities in planning for and providing 
facilities and services necessitated by 
such development and production and 
secondarily for other state purposes.” 


The Oil Shale Trust Fund is not techni- 
cally a trust since there is no statutory 
requirement that the principal be kept 
intact. However, JBC has maintained the 
principal at approximately $60 million, 


Photo credit: OTA staff 
Upgrading of facilities in Rangely, Colo., utilizing 
Oil Shale Trust Fund monies 
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Table 90.—Revenues of the Colorado Oil Shale 
Trust Fund, Fiscal Years 1975-79 


Lease/bonus Interest Total annual 
Year income earned income 
FY,19 75009 Se nee $24,607,020 0 $24,607,020 
Yell: 0 Opin cy ewe A ee 24,607,020 $2,685,600 27,292,620 
BYSISI( (olga soar ee 24,607,020 3,Obl, 20 28,418,291 
FYS1'9 G03 ae eee 0 4,219,970 4,219,970 
RY SOF OSM IS Sia e 0 5,999,918 5,999,918 


See text for discussion of offsetting provisions applying to 1978-79. 
Summary and Status Report of the Mineral Lease and Severance Tax Fund, Second Annual Re- 
port to the Colorado State Legislature, Department of Local Affairs, 1979. 

State treasurer's office. 


SOURCE: Office of Technology Assessment. 


and appropriations have been made only 
from interest earnings and from the 
principal in excess of $60 million. The in- 
terest earned by the State is set aside as 
the Oil Shale Interest Earned Fund, a 
special account established in 1975.” 
Loans as well as grants from the interest 
fund are permitted; the authorized pur- 
poses for appropriation of the interest 
earnings are identical to those of the 
principal fund. (See table 91 for a sum- 
mary of expenditures.) 


¢ Colorado Mineral Leasing Fund. Colo- 
rado’s share of public land monies col- 
lected by the Federal Government for 
leasing of minerals other than oil shale is 
placed in the Colorado Mineral Leasing 
Fund.” The fund was created in 1977 to 
be used for planning, construction, and 
maintenance of public facilities, and the 
provision of public services. Priority is to 
be given to ‘‘those... political subdivi- 
sions socially or economically impacted 


Table 91.—Expenditures of the Colorado Oil Shale Trust Fund, 
Fiscal Years 1975-80 


Amount of Amount Outstanding 
Year appropriation expended commitments 
FY 19754. eee $ 451,187 $ 325.9265 0 
FY 19/62 vee 10,385,300 10,029,381 $ 2,000 
EY GOT. (oa ee eee 4,239,646 3,283,408 47,332 
USGS ee 6,464,793 4,702,737 993,510 
E9799" ee eee 8,929,090 6,306,940 2,622,150 
FYSSS0o% aan 10,446,102  Notavailable Not available 


4sSummary and Status Report of the Mineral Lease and Severance Tax Fund, Second Annual Re- 
port to the Colorado State Legislature, Department of Local Affairs, 1979. 

Dg 425,261 of the $451, 187 original appropriation was returned to the Oil Shale Trust Fund. 

Department of Local Affairs, Division of Energy and Mineral Impact. 


SOURCE: Office of Technology Assessment. 


by the development, processing, or ener- 
gy conversion of minerals’ that are 
leased from the Federal Government 
and/or that are subject to State sever- 
ance taxation.”” The State statute pro- 
vides for an automatic distribution of the 
monies to the public schools, to the coun- 
ties where the leased lands are located 
(except that no county can receive more 
than $200,000 in any calendar year), to 
the Colorado Water Conservation Board 
Construction Fund, and to the Local Gov- 
ernment Mineral Impact Fund. 


State revenues.—In 1977 Colorado levied 
a severance tax on the production and export 
of metallic minerals, molybdenum ore, oil and 
gas, coal, and shale oil.” Proceeds are allo- 
cated to different accounts according to the 
mineral being taxed. To date, most of the in- 
come has been derived from oil and gas, mo- 
lybdenum, and coal. Two new funds were es- 
tablished at the time of passage of the sever- 
ance tax: a State Severance Tax Trust Fund 
and a Local Government Severance Tax 
Fund. When shale oil revenues are realized, 
they will be distributed as follows: 


e 40 percent to the State General Fund, 

e 40 percent to the State Severance Tax 
Trust Fund, and 

¢ 20 percent to the Local Government Sev- 
erance Tax Fund. 


Although separate legislation created the 
Local Government Mineral Impact Fund and 
the Local Government Severance Tax Fund, 
for practical purposes they have been com- 
bined into an Energy Impact Assistance Fund 
that is administered by the Division of Miner- 
al and Energy Impact. 


Mechanisms for Disbursement. — 


The Colorado General Assembly makes ap- 
propriations from the oil shale principal and 
interest funds based on the recommendations 
of JBC. Requests for financial assistance from 
the oil shale funds are initiated at the local 
level. Priorities for needs are assigned at the 
local level and forwarded to JBC. In addition, 
the requests are reviewed by the Division of 
Mineral and Energy Impact. JBC receives the 
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requests in public hearings and subsequently 
corresponds with local officials if clarifica- 
tion is needed. After analyzing the requests, 
JBC incorporates, as a series of line items in 
the appropriations bill, the sums recom- 
mended for expenditure from the oil shale 
funds. (See tables 92 and 93 for a listing of 
the general categories under which these 
monies have been expended and the projects 
that have been funded.) 


In contrast to the legislative process con- 
trolling the oil shale monies, disbursements 
from the Energy Impact Assistance portion of 
the Mineral Leasing Fund are at the discre- 
tion of the executive director of DLA. Obliga- 
tions are made by contracts negotiated and 
administered by field representatives from 
the Department. DLA uses the same local and 
regional review process followed in the oil 
shale appropriations procedure for the iden- 
tification of needs and the ranking of funding 
requests. It is assisted by a statewide energy 
impact assistance advisory committee that 
makes recommendations to the executive di- 
rector of DLA. 


Technical Assistance. — 


Information gathering and dissemination, 
program coordination, regional planning, and 
advisory services are the main types of tech- 
nical assistance provided to local planners. 
For the oil shale region, this assistance comes 
from CWACOG and DLA. 


Table 92.—Appropriations From the Oil Shale Funds by Object, 
Fiscal Years 1975-80 


Amount appropriated Percent of total 


Purpose FY 1975-804 > appropriation 
Road, bridge, and drainage ... $14,298, 736 3ObI 
SCHOOS Ha karen ee fiasco: 9,262,714 PPT 
Wateree ater ceria: Seon, 9,402,403 23.0 
SOWEEYE Peroni on len Acta 2,802,058 6.9 
Health and mental health ..... 440,668 1.1 
Municipal facilities ......... 3,013,500 7.4 
Recreatloliwerwric sete eee: 370,000 0.9 
Coordination and planning .... 1,190,788 2a 
Oly tee etre eee Oe $40, 780,867 100.0 


4Summary and Status Report of the Mineral Lease and Severance Tax Fund, Second Annual Re- 
port to the Colorado State Legislature, Department of Local Affairs, 1979. 
Dstate Appropriation Act for FY 1979-80 (S. B. 525). 


SOURCE: Office of Technology Assessment. 


Colorado West Area Council of Govern- 
ments.—CWACOG is a clearinghouse for the 
municipalities and counties of northwestern 
Colorado. With respect to energy develop- 
ment, it provides communities with informa- 
tion about industry plans and government 
assistance programs, and makes local groups 
aware of the responses of neighboring juris- 
dictions to impact problems. It also assists the 
mitigation task forces in preparing their 
needs assessments and in assigning priorities 
to the final requests submitted to the State; 
and it is the central agency through which 
grant applications to both State and Federal 
agencies must pass. 


-~CWACOG uses a growth-monitoring sys- 
tem to project future employment and total 
population figures. Industry work force in- 
formation and economic and demographic 
multipliers are combined for these forecasts. 
The computer model can accommodate up- 
dated information, and can supply outputs 
such as projections based on alternative 
assumptions and growth scenarios. The sys- 
tem provides a single source of data for gov- 
ernment and industry officials. 


Field Representatives for DLA.—Field per- 
sonnel are located in several areas of Col- 
orado that are experiencing energy-related 
growth. They help organize community miti- 
gation teams and coordinate local, county, 
and regional requests for funding assistance. 
They also negotiate and administer contracts 
involving the expenditure of impact funds. 
They serve a valuable function by expediting 
State funding, advising local officials about 
current assistance programs, and monitoring 
the progress of authorized work. 


Utah 


Between 1970 and 1977, the population of 
Utah increased by 20 percent. Unlike other 
Western States, however, most of this growth 
was from a high birth rate, with immigration 
accounting for only 4 percent of the increase. 
Although there has not been a large migration 
to the State as a whole, energy development 
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Table 93.—Projects Funded by the Colorado Oil Shale Trust Fund, 1975-80 


FY 1975 FY 1976 FY 1977 
Recipient Amount Recipient Amount Recipient Amount 
Mesa County schools (Re-51) $42,575 Water construction fund $2,700,000 Piceance Creek Road $2,135,000 
Moffat County schools (Re-1) 31,000 (Colorado Water Board) Roan Creek Road 665,858 
Garfield County schools (Re-2) 12,389 Piceance Creek Road 1,873,091 Rangely sewer 460,000 
Rio Blanco County planning 10,000 Rio Blanco County schools (Re-1) 1,189,000 Craig Hospital 230,000 
Garfield County planning 10,000 Garfield County schools (Re-2) 1,000,000 Craig water tank 215,000 
Mesa County planning 10,000 Moffat County schools (Re-1) 670,000 Mesa County schools (Re-49) 147,000 
Garfield County schools (Re-1) 8,000 Bonanza Road 497,909 Oil Shale Coordinator's Office 106,000 
Mesa County schools (Re-49JT) 7,260 Rulison Bridge 471,000 Garfield County planning 100,000 
Meeker schools 4,000 Roan Creek Road 467,595 Moffat school leases 51,456 
Colorado West Area Council of Gov’ts. 781 Mesa County schools (Re-51) 400,000 Mental health services 34,000 
Office of the Governor De Beque Bridge 299,658 Hayden school site 25,000 
Administration 87,187 Garfield County schools (Re-1) 200,000 Colorado West Area Council of Gov'ts. 25,000 
State Impact Report 92,734 Colorado West Area Council of Gov’ts. 200,000 Delta County 17,000 
: (technical assistance) De Beque sewer 15,000 
Garfield County schools (Re-16) 121,057 New Castle sewer planning 6,666 
Routt County Road 100,000 Silt sewer planning 6,666 
Oil Shale Coordinator’s Office 100,000 
Town of Hayden, streets 50,000 
Mesa County schools (Re-49) 36,000 
Rio Blanco County schools (Re-4) 10,000 
FY 1978 FY 1979 FY 1980 
Recipient Amount Recipient Amount Recipient Amount 
De Beque water $608,000 Rifle water 2,056,000 Rifle school construction $2,750,220 
Grand Valley Bridge 932,125 County Road 24 1,000,000 Rifle bypass 2,000,000 
Rangely streets 500,000 Rangely streets 900,000 Meeker sewage treatment expansion 1,440,000 
Carbondale sewer 479,000 Craig High School 750,000 — Silt water improvements 1,400,000 
Moffat County—Sunset School 450,000 Colorado Water Conservation Board 600,000 Meeker streets and drainage 800,000 
Hayden Elementary School 450,000 Rifle bypass 500,000 Mesa County sewer system 
Rifle sewer 438,750 Meeker sanitation 368,000 improvements 796,787 
Meeker streets 435,400 Meeker pool 350,000 C-ato Rangely Road engineering 300,000 
Mesa County schools (Re-51) 350,000 Meeker streets 320,000 De Beque water system 300,000 
Hayden water 280,000 Mesa County airport water 293,250 Rifle senior center 172,500 
Craig City Hall 275,000 Garfield County airport 260,000 Grand Valley sewage treatment plant 141,206 
Garfield County schools (Re-2) 273,757 Grand Valley water 250,000 Dinosaur water system 66,153 
Moffat County bypass 250,000 Fruita sewer 200,000 
Roan Creek Road 135,000 Transportation planning, CWACOG 198,000 
Craig water 125,000 New Castle water 196,000 
Oak Creek water 122,000 Silt water 151,000 
Oil Shale Coordinator’s Office 114,079 Impact Coordinator's Office 114,079 
Rangely sewer 100,000 Colorado Northwest Community 
Mental health center 95,857 College 110,000 
Carbondale Municipal Building 75,000 Mesa County sewer 104,450 
Moffat—modular rooms 74,000 Regional School Fund 100,000 
Rifle lift station 66,825 Rangely Hospital 50,811 
Colorado West Area Council of Gov’ts. Mesa County transportation 25,000 
(Planning) 62,500 Rio Blanco County Impact Coordinator 17,500 
Hayden drainage 41,000 Silt planning 15,000 
Meeker Hospital 30,000 
Craig drainage 25,000 
Delta County water 25,000 
Hayden recreation 20,000 
Walden water 15,000 
Rifle planning 10,000 
Silt planning 6,500 


SOURCE: Summary and Status Report of the Mineral Lease and Severance Tax Fund, Second Annual Report to the Colorado State Legislature, Colorado Department of Local Affairs, 1979. 
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activities have been responsible for rapid 
population increases in certain rural counties 
and communities. Until the recent boom, the 
population in most of these areas had de- 
creased over several decades. As a conse- 
quence, the communities have been ill-pre- 
pared to respond effectively to current 
changes. 


The oilfields of eastern Utah attracted peo- 
ple to Duchesne and Uintah Counties, al- 
though oil drilling there has peaked and the 
growth is now waning. Area residents hope 
that the present emphasis on synthetic fuels 
will lead to a boom from oil shale and tar 
sands development.”? Increased coal mining 
has caused growth in Carbon, Sevier, and 
Emery Counties. In 1960, the population of 
communities in these counties was under 
1,000; several even declined during the 
1960’s. Because there are no larger towns in 
the area that can provide housing and other 
services, they have been forced to absorb all 
the migration. A resurgence of uranium min- 
ing along with oil exploration has stimulated 
growth in San Juan, Grand, and Garfield 
Counties. The towns of Blanding, Moab, and 
Monticello, which have all gained new resi- 
dents, are expected to continue growing. 


Utah created a Community Impact Account 
in 1977 to assist areas affected by energy 
development.” It is a ‘‘revolving account for 
loans and grants to state agencies, political 
subdivisions of the state, and special service 
districts which are or may be socially or eco- 
nomically impacted by mineral resource de- 
velopment .. .’’*! Revenues come from a por- 
tion of the State’s share of Federal mineral 
lease payments. Projects are chosen by a 
board comprised of chairpersons of several 
State boards, councils, committees, and de- 
partments. The board establishes the criteria 
for awarding grants and loans, determines 
the order in which projects will be funded, 
and serves as the sponsoring agency. The 
chief criterion for determining which projects 
to support is urgency of need. To date, almost 
all support has been for water and sewer 
projects. Only those communities already im- 
pacted have received assistance even though 


the legislation creating the account specified 
that those expecting large population in- 
creases are eligible for help. The Uinta basin, 
where the oil shale deposits are located, has 
not received any funds from the account even 
though it is undergoing oil and gas explora- 
tion and development. Because the Communi- 
ty Impact Account is the only funding source 
in the State designed to respond to problems 
associated with energy development, re- 
quests for help have far surpassed the avail- 
able monies. In mid-1979, with only $4 million 
available for distribution, a total of $11 mil- 
lion had been requested. 


Adequate water supplies are one of the 
paramount needs in the energy-impacted 
areas of Utah. Several towns have had to 
place moratoriums on additional building 
because water systems cannot service in- 
creased demands, and during summer 
months many communities are forced to ra- 
tion the available water. To help solve these 
problems, the City Water Loan Fund® was 
created by the State legislature in 1975. It 
provides interest-free loans to cities for the 
construction of water supply and water treat- 
ment facilities. The fund provides up to 80 
percent of the amount needed with the only 
qualification that the community be incor- 
porated. Originally the revenue came from 
taxes on the sale of alcoholic beverages, but 
recently the funding source was changed to 
State mineral lease royalties; the amount 
varies from around $2 million to $2.5 million 
annually. Surprisingly, the fund has pretty 
well been able to keep up with the demand for 
loans. Every application has received a loan 
offer, even though not always the amount re- 
quested. A problem that might arise in the 
long term could be that a loan taken out dur- 
ing a time of boom would have to be paid by 
the remaining, smaller population during a 
subsequent time of bust. Also, since the loans 
are just for water-related projects, help is 
limited to only this one problem area. 


Wyoming 


Some of the largest growth in the Western 
States has been in Wyoming. Between 1970 
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and 1978, the population in all but one of 
Wyoming’s 23 counties increased. In con- 
trast, in 15 of the 23 it declined in the decade 
between 1960 and 1970. Much of the recent 
growth has been related to energy develop- 
ment, although some reflects the trend of set- 
tling in rural areas for simpler living patterns 
or for retirement. From 1970 to 1978, popula- 
tion expanded 30 percent or more in eight 
counties. These are distributed in three 
distinct geographical areas. Lincoln, Uintah, 
Carbon, Sweetwater, and Teton Counties lie 
in the west and southwest where there are 
coal, uranium, and oil deposits and the only 
large oil shale deposits in the State. Most of 
the growth in Campbell and Converse Coun- 
ties, in the Powder River basin in central 
Wyoming, has been from the opening of coal 
and uranium strip mines. Platte County, in 
southeastern Wyoming, is the site of a 1,500- 
MW coal-fired plant. 


Wyoming has several programs for manag- 
ing growth. The major tool, designed for large 
development activities, is the Wyoming In- 
dustrial Development Information and Siting 
Act.* This Act, passed in 1975, requires that 
any project with construction costs in excess 
of $63,588,000 obtain a siting and construc- 
tion permit from the Industrial Siting Council, 
a board appointed by the Governor. Before a 
permit is granted, the developer must submit 
a plan for the alleviation of social, economic, 
and environmental impacts, and can be re- 
quired by the council to undertake their miti- 
gation. For example, applicants can be asked 
to provide direct loans and grants to a politi- 
cal subdivision. Another management device, 
created by the Joint Powers Act, allows two 
or more agencies, such as cities, counties, 
and school districts, to form a Joint Powers 
Board that can create, expand, finance, or 
operate facilities. This not only makes possi- 
ble combined financing by the participating 
political entities but also makes them eligible 
for Joint Powers Loans. There is no ceiling on 
a loan, and the terms must be no longer than 
40 years at an interest rate of not less than 5 
nor more than 10 percent. 


Wyoming also has an array of mitigation 
programs. (See table 94.) They are funded by 
Federal mineral lease revenues and State 
severance and excise taxes. Most are admin- 
istered by the Farm Loan Board, composed of 
the Governor, secretary of state, auditor, 
treasurer, and state superintendent of public 
instruction. Allocation of funds is specified in 
most cases by the taxing legislation, and 
there are few discretionary programs. One 
alternative available to local communities to 
generate discretionary revenue is an optional 
1-cent sales tax.* It has been used successful- 
ly in several communities although approval 
by the local voters must be sought every 2 
years. Case studies of boomtowns in Wyo- 
ming indicate that there are major differ- 
ences in the effects of rapid growth, and to 
accommodate these differences, flexible pol- 
icies are needed. This is especially true for 
providing such human services as day care 
centers, youth assistance and senior citizen 
programs, and alcohol counseling. Too few 
funds are available to alleviate the social im- 
pacts accompanying rapid growth. 


Evaluation of State and Local Mechanisms 


State policies regarding social and econom- 
ic effects vary. In Colorado, local initiative is 
central in the mitigation process. The State 
and its oil shale counties and municipalities 
have been preparing for increased shale de- 
velopment for nearly 10 years. However, in 
the past, this development has been inter- 
rupted or delayed by market changes, regula- 
tory modifications, and technological compli- 
cations, which has made planning difficult. In 
addition, oil and gas, coal, electric genera- 
tion, and uranium industries are all expand- 
ing at the same time as oil shale. This compli- 
cates the identification of impacts specifi- 
cally attributable to shale development and 
adds to the potential for disruption. 


An elaborate planning infrastructure is in 
place in the Colorado counties and munici- 
palities. Over $40 million has been appro- 
priated for oil shale impact mitigation, with 


Ch. 10—Socioeconomic Aspects ¢ 437 


eI 


Table 94.—Wyoming Programs to Mitigate Social and Economic Impacts 


Name of mitigation program Objectives 


Comments 


Provide information about new industrial 
facilities costing over $63,588,000. 
Siting and construction permits re- 
quired before building starts. 


Wyoming Industrial Develop- 
ment Information and Siting 
Act (1975) 


Joint Powers Act (1975) Allows different political entities to join 
together to finance and operate public 


facilities through a Joint Powers Board. 


Wyoming Government Royalty 
Impact Assistance Account 
(1976) 


Wyoming Water Development 
Program (1975) 


Grant program for communities in areas 
of mineral development. 


Encourage optimal development of 
human, industrial, mineral, agricul- 
tural, water, and recreational 
resources through projects and 
facilities for water storage, 
distribution, and use. 


Coal Tax Revenue Account 
(1975) 


Grants to political subdivisions in areas 
impacted by coal development for 
public facilities. 50 percent must 
go for streets and highways. 


Capital Facilities Revenue 
Account (1977) 


Permanent capital facilities by legislative 
appropriation; 30 percent for school 
district capital construction 
entitlements; formula allocation to 
community colleges; remainder 
for highways. 


Wyoming Community Develop- To provide funds for private mortgages 
ment Authority (1975) at low interest through mortgage 
lending institutions. 


Implementing 
Funding agencies 
Not applicable. Wyoming Siting 
Council 


Joint Powers Loans from Farm Loan Board 


FLB.2FLBis restricted (FLB)@ 
to $60 million in 
outstanding loans. 

Mineral Leasing Actof FLB 


1920, as amended.» 


1 %2-percent excise tax 
on coal. 

Revolving loan account; 
up to $100 million can 
be outstanding. 


Water Development 
Commission; Dept. 
of Economic Plan- 
ning and Develop- 
ment: FLB; local 
agencies. 


2-percent severance tax FLB 
on coal. 

Maximum cumulative tax 
revenues limited to 
$160 million. 


1/2 -percent excise tax 
on coal, trona, and 
uranium. 

Maximum tax revenues 
limited to $250 million. 


Capital Facilities 
Commission 


Council can require applicants 
to take actions to mitigate 
adverse socioeconomic 
impacts. 


Some towns and counties have 
difficulty cooperating. Small- 
er towns lack manpower to 
prepare detailed applications. 


Grant funds extremely limited, 
competition keen. 


Requires feasibility study, 
authorizing legislation, and 
vote to approve any public 
debt (such as bonds) before 
construction can begin. 


$160 million will probably be 
expended before synthetic 
fuel development occurs. 


Used mostly for major State 
facilities (university, prison); 
approval of bonds needed for 
school construction. 


Mortgage monies gener- Wyoming Community Program delayed by litigation; 


ated through issuance 
of bonds. 

Authority granted for up 
to $250 million in 
bonds.° 


Development 
Authority 


only recently implemented. 


aThe Farm Loan Board consists of the Governor, secretary of state, auditor, treasurer, and state superintendent of public instruction. 


DSee text for a discussion of Federal financial assistance programs. 
The 1980 Wyoming legislature has under consideration raising this amount to $750 million. 


SOURCE: Office of Technology Assessment. 


over 90 percent allocated to the four counties 
of Mesa, Garfield, Rio Blanco, and Moffat. 
(See table 95.) Most of the remainder has 
gone for the State’s support services. As a re- 
sult, the region is prepared for reasonable 
growth and is awaiting expanded oil shale de- 
velopment. However, the ability of existing 
strategies to deal with a large or sudden pop- 
ulation influx, such as might occur with a 
rapid expansion of the industry, is as yet un- 
tested. Although the State has ambitious pro- 
grams, the General Assembly has adopted a 
cautious approach to the expenditure of the 
Oil Shale Trust Fund monies. While not re- 
quired to do so, JBC has elected to retain a 
principal of $60 million in the trust fund. This 


has caused some discontent in the oil shale 
region where expenditure of the full amount 
would accelerate preparations for growth. 
Because the trust fund is disbursed by legisla- 
tive appropriation, intrastate political differ- 
ences also come into play. The General 
Assembly has greater representation from 
the eastern, more densely populated, urban 
parts of the State; thus western slope Sena- 
tors and Representatives can be outvoted. Im- 
pact mitigation, in this case, is subject to the 
political compromises of the Colorado appro- 
priation process. 


Utah and Wyoming have not been prepar- 
ing extensively for oil shale development im- 
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Table 95.—Allocation of Oil Shale Trust Funds, 
Fiscal Years 1975-80 


Percentage of total appropriation 


County or agency FY 1975-79 FY 1980 
Gartield' County's! Tove Waals) 2 28.5 61.9 
Mesa County a tee. acd 13.0 12.4 
Moffat County's). .c eer close We2 0.6 
Rio Blanco. County 2h) Be. As: 40.0 24.3 
Subtotal—oil shale region. ...... 9207 oor 
Delia Céunty eraser acts. ott es 0.1 0a 
JACKSON: COUNILY «aa een en eee 0.05 0 
Routt COuniy iis ai) Me ss SI 0 
Subtotal—all counties.......... 96.6 oee 
Division of Energy and Mineral Impact Za 0.6 
CWACUG te cite set a ae 1.2 0.1 
TOL eA iat fai Jie: Sethst tee dibs 100 100 


4The 1979 General Assembly adopted the policy to allocate trust funds only to the counties in the 
immediate oil shale vicinity. 


SOURCE: OTA based on data for FY 1975-79 from Summary and Status Report of the Mineral 
Lease and Severance Tax Fund, Second Annual Report to the Colorado State Legisla- 
ture, Department of Local Affairs, 1979: and FY 1980 from State Appropriation Act for 
FY 1979-1980 (S.B. 525). 

pacts. Both States, however, have had to 

come to grips with other energy industry ex- 

pansion, and presumably could use programs 
similar to the ones now established for coal 
and uranium mitigation to adjust to oil shale 
growth. They emphasize a more centralized 
process with State government playing a 
larger part in the determination of needs and 
the allocation of assistance. Utah may be 
limited by a lack of funding, although the 
bonus payments from the U-a and U-b lease 
sales—now being held in escrow pending the 
outcome of the ownership question—should 
be available in the future. The State may ex- 
perience difficulty from a lack of adequate 
local infrastructures capable of handling 
rapid growth. Evaluation is complicated for 

Utah as it is for Colorado by similar uncer- 

tainties about the future timing, pace, and 

size of the industry. Wyoming has many pro- 

grams that could be adapted for oil shale im- 

pact mitigation. At present, its funding levels 

appear to be adequate. 


No State facing social and economic prob- 
lems from energy development is able to an- 
ticipate which communities will be able to ad- 
just to growth and which may be disrupted. 
Whether towns will suffer from rapid growth 
or take it in stride depends on a unique set of 
complicated factors within each community. 


For example, Douglas and Wheatland in 
Wyoming have experienced few of the nega- 
tive effects identified in the literature as 
boomtown impacts. Rock Springs and Gillette, 
on the other hand, appear to be at the op- 
posite end of the spectrum, with the former 
being the classical example of a town dis- 
rupted by energy development. Yet these four 
communities are undergoing the same types 
of industrial growth (primarily coal, oil, and 
gas prospecting and production) and have the 
same kinds of impact assistance available to 
them.*” A conclusion from these cases is that 
the capability of adapting to rapid growth ap- 
pears to be highly site specific. 


Federal Programs 


Only a few of the over 1,000 existing Feder- 
al programs are designed to deal with socio- 
economic impacts. A 1978 Report to the Presi- 
dent* lists 160 that were judged “‘potentially 
applicable to energy impact issues.’’ They are 
administered by 20 departments or other Fed- 
eral agencies. About two dozen programs 
that are of importance to the Western States 
have been identified by Murdock and Leis- 
triz.** (See table 96.) Only those that contrib- 
ute to the alleviation of negative impacts from 
oil shale development are examined in detail 
here. Federal programs can be placed in two 
broad categories: financial and technical 
assistance. 


Financial Assistance 


Section 35 of the Mineral Leasing Act of 
1920” is a major source of Federal financial 
assistance. This legislation originally pro- 
vided for the Federal Government to return 
37’ percent of the revenues it receives from 
mineral leases on public lands to the States in 
which those lands are located: these monies 
were to be used by the legislatures of the 
States for support of public schools and 
roads. In 1976, this section was amended by 
the passage of the Federal Coal Leasing 
Amendments Act and the Federal Land Pol- 
icy and Management Act* (also known as the 
Bureau of Land Management Organic Act or 


ee 
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Table 96.—Selected Federal Programs Used by Western States for Assistance With Social and Economic Effects of Energy Development? 


Name of program Implementing agency 


Assistance in planning and growth management® 
Comprehensive planning Community Planning and 
assistance Development, HUD 
HUD 701 program 
National Housing Act of 
1954, as amended (40 
U.S.C. 461) 


Objectives 


Strengthen planning and decision-making 
capabilities of States, local governments, 
and areawide planning organizations. 


Community development block Community Planning and 
grants—small cities Development, HUD 
Housing and Community 
Development Act of 1974 
Title | (42 U.S.C. 
5301-5317) 


Assist communities in providing decent 
housing and a suitable living environ- 
ment; expand economic opportunities. 


Economic development— 
planning and technical 
assistance 

Public Works and Economic 
Development Act of 1965, 
as amended. (42 U.S.C. 
3151, 3152) Title III 


Technical assistance— 


Economic Development 
Administration (EDA), 
Commerce 


Office of Personnel 


Foster multicounty planning and 
implementation capability; solve prob- 
lems of economic growth through project 
grants, feasibility and other studies, and 
management and operational assistance. 


Comments 


Urban orientation overall; smaller cities 
and counties receive funding through 
States. Funds allocated on basis of past 
population which is a disadvantage to 
rapidly growing communities. 

Some State and local concern over recent 
decline in funding levels. 


Primarily for urban areas; most funds 
allocated by formula. Some discretionary 
funds for special-purpose grants to small 
communities. 

Provides 100-percent funding that can be 
used as local matching contribution for 
other programs. 

Can also be used for facility construction 
as well as for planning. 


Criteria for project selection makes it dif- 
ficult for energy-impacted communities 
to obtain funding. 

Competition for funds is keen. 


Aid in problem-solving and delivering 
improved services by sharing profession- 
al, administrative, and technical 
expertise. 


personnel sharing Management 
Intergovernmental Person- 
nel Act of 1970 (5 U.S.C. 
3371-3376) 
Water quality planning Office of Water and Waste 


sec. 208 grants 
Clean Water Act, as 
amended. (33 U.S.C. 1251 
et seq.) 


Assistance in expanding public facilities and services® 


Protection Agency (EPA) 


Water and waste disposal sys- Farmers Home Administration 


tems for rural communities 
Consolidated Farm and 
Rural Development Act, 
sec. 306 (7 U.S.C. 1926) 


Community facilities loans 
Consolidated Farm and 
Rural Development Act, 

sec. 306 (7 U.S.C. 1926) 


(FmHA), Agriculture 


FmHA, Agriculture 


Management, Environmental 


Few communities appear to have taken 
advantage of program. 

Time invioved in locating and negotiating 
for an individual may be a constraint for 
small counties and communities. 


Develop water quality management plans. 


Funds limited to planning only. 


Provide amenities, alleviate health 
hazards, promote orderly growth of rural 
areas by providing new and improved 
water waste disposal facilities. 


Sewer and water systems cannot serve 
areas with a population in excess of 
10,000 population; priority is given to 
communities of less than 5,500 in- 
habitants. 


Construct, enlarge, or improve community 
facilities. 


Targeted for areas with low-income rural 
residents. 

Priority to projects enhancing public safety 
(fire, police, rescue services); health 
care facilities needed to meet life/safety 
codes; public buildings and courthouses; 
recreation facilities; new hospitals. 


Office of Water and Waste 
Management, EPA 


Construction grants for 
wastewater treatment works 
Clean Water Act, as 
amended (33 U.S.C. 1251 
et seq.) 


Economic development and EDA, Commerce 
adjustment assistance 
Title IX—EDA 
Public Works and Economic 
Development Act of 1965, 
as amended. (42 U.S.C. 


3121 et seq.) 


Assist in construction of municipal sewage 
treatment works 


Assist State and local governments to 
arrest and reverse long-term economic 
deterioration; address dislocations from 
Federal actions, from compliance with 
environmental requirements, and from 
severe Changes in economic conditions. 


Funds allocated to States ona 
population-based formula. No funding of 
collector systems in ‘‘communities not in 
existence’’ in October 1972. 

Some difficulty allocating funds on a timely 
basis. 


Targeted to communities experiencing 
economic decline but funds are available 
to energy-impacted areas. 

Flexibility an advantage. 
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Table 96.—Selected Federal Programs Used by Western States for Assistance With Social and Economic Effects 
of Energy Development?—continued 


Name of program Implementing agency 


Objectives 


Comments 


Outdoor recreation 
“BOR program’”’ 
Land and Water Conserva- 
tion Fund Act of 1965: 
et al. (16 U.S.C. 1-4 
et seq.) 


Heritage Conservation and 
Recreation Service, Interior 


Financial assistance for planning, 
acquisition, and development of outdoor 
recreation areas and facilities. 


Limited funding restricts the number of 
projects that can be supported. 
A popular program. 


Planning and site acquisition 
Sec. 601 program 
Power Plant and Industrial 
Fuel Use Act of 1978 
(Public Law 95-620) 


FmHA, Agriculture 


Assistance for housing 
Rural housing loans 
Housing Act of 1949, as 
amended. Title V, sec. 
502 (42 U.S.C. 1471 et 
seq.; 42 U.S.C. 1480; 
42U.S.C. 1472) 


FmHA, Agriculture 


Assist in developing plans for growth 
management and housing and in 
acquiring sites for housing and public 
facilities. 


Newly implemented. 
Currently limited to coal and uranium 
impacts. 


To assist rural families through guar- 
anteed/insured home loans. 


Rural housing site loans 
Housing Act of 1949, as 
amended. Secs. 523 and 


FmHA, Agriculture 


Loans are regarded as a ‘‘source of last 
resort’’ to be used only if commercial 
lending institutions cannot finance 
housing. 


Assist public or private nonprofit 
organizations to acquire and develop land 
to be subdivided on a nonprofit basis for 


Priority given to housing for low- and 
moderate-income families. 


524. (42 U.S.C. 1490¢ 
and 1490d) 


homes. 


Rural rental housing loans 
Housing Act of 1949, as 
amended. Secs. 515 and 
521. (42 U.S.C. 1485, 
1490a) 


FmHA, Agriculture 


Provide economically designed and con- 
structed rental and cooperative rental 
housing for rural residents. 


The programs listed are illustrative of the types of aid available in Western States; no attempt has been made to include all possible Federal programs used by impacted communities. 


D 


General categories are based on the format used by Murdock & Leistritz, Energy Development in the Western United States—I/mpact on Rural Areas (N.Y .: Praeger Publishers, 1979). 


°Revenue-sharing acts, such as the Local Government Funds Act (Public Law 94-565), are not included; see text for a discussion of the Mineral Leasing Act of 1920, as amended. 


SOURCE: Office of Technology Assessment. 


FLPMA). The Federal Coal Leasing Amend- 
ments Act increased the States’ share of 
royalty and lease proceeds to 50 percent, and 
specifically directs the legislatures, when 
distributing these proceeds, to give priority to 
those subdivisions of the State where leasing 
occurs under the Act. At the same time, the 
purposes for which the funds could be used 
were broadened to include ‘“‘planning,... 
construction and maintenance of public fa- 
cilities, and... provision of public  serv- 
ices.’’** FLPMA further amends the 1920 Act 
to authorize the Secretary of the Interior to 
make loans to States and their political sub- 
divisions. The amounts of the loans are not to 
exceed the revenues anticipated by the States 
or their jurisdictions for any prospective 10- 
year period. Loans are to be repaid, at 3-per- 


cent interest, from these proceeds. The lan- 
guage of the Coal Leasing Amendments Act 
that allows broader use of the funds and spe- 
cifies their application to affected areas is 
also extended to the loans. 


Section 601 of the Power Plant and Indus- 
trial Fuel Use Act of 1978* established the 
Energy Impacted Area Development Assist- 
ance Program (popularly, the sec. 601 pro- 
gram). Its objective is to “help areas im- 
pacted by coal or uranium development activ- 
ities by providing assistance for the devel- 
opment of growth management and housing 
plans and in developing and acquiring sites 
for housing and public facilities and serv- 
ices.’’** The lead agency designated to admin- 
ister the section is the Farmers Home Admin- 


istration (FmHA). The Governor of a State 
wishing to participate must designate energy- 
impacted areas and prepare a State invest- 
ment strategy for allocating the funds. Grant 
applications for impact aid must be consist- 
ent with the State investment plan. Local gov- 
ernments, councils of local governments, and 
State agencies are among the eligible appli- 
cants. Grant funds will pay 100 percent of the 
costs of developing plans for managing 
growth and/or plans for new housing, and up 
to 75 percent of the cost of acquiring or devel- 
oping sites for housing, public facilities, or 
services. 


Three criteria are specified for designation 
as an impacted area. First, employment in 
coal or uranium development activities must 
have increased, or be expected to increase 
over 3 years, by 8 percent or more from the 
preceding year. Second, the increased em- 
ployment must result in a housing shortage or 
inadequate public facilities and services. 
Third, the available State and local financial 
resources must be inadequate to meet the 
current needs or those projected for the fol- 
lowing 3 years. Within the oil shale region, 
the purchase of land by the city of Meeker for 
the construction of low- and moderate-income 
housing was included as a priority project in 
the 1979 Colorado investment strategy. 


Technical Assistance 


THE FEDERAL REGIONAL COUNCIL 


The Energy Impact Office of the Federal 
Regional Council (FRC), Region VIII, oversees 
Federal technical assistance programs. The 
Office was created early in 1978 to coordi- 
nate the response of Federal agencies to local 
needs. In addition to the development of an 
improved system of service delivery, the FRC 
efforts are designed to evaluate Federal legis- 
lation for impact assistance and to collect im- 
pact data and related information. The agen- 
cies comprising the Federal Regional Council 
are the Departments of Agriculture; Com- 
merce; Energy (DOE); Health, Education, and 
Welfare; Housing and Urban Development 
(HUD); the Interior; Labor; Transportation; 
the Community Services Administration, and 
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the Environmental Protection Agency (EPA). 
Senior staff members of these agencies make 
up an Intergovernmental Committee that 
assists the Energy Impact Office. 


Dissemination of information and inter- 
agency coordination are the main functions of 
the Federal programs. Several examples can 
be cited. FRC has a representative in the Oil 
Shale Environmental Advisory Panel (OSEAP) 
who serves as contact with this group. The 
Federal Assistance Program Retrieval Sys- 
tem (FAPRS) is a computerized information 
bank, keyed to programs described in the Cat- 
alog of Federal Domestic Assistance. The En- 
ergy Impact Office uses it to help communi- 
ties identify various Federal assistance pro- 
grams and determine their eligibility for aid. 
DOE’s Office of the Regional Representative, 
Region VIII, in cooperation with FRC, pub- 
lishes an annual Regional Profile—Energy Im- 
pacted Communities” that collates data on 
the energy impacted areas. 


OFFICE OF THE AREA OIL SHALE SUPERVISOR 


The Office of the Area Oil Shale Super- 
visor of the U.S. Geological Survey (USGS) 
also provides technical assistance to commu- 
nities by serving as a clearinghouse for in- 
formation about social and economic impacts 
and programs for their alleviation. 


Summary of Federal Support Initiatives 


At the present time, there is no single Fed- 
eral policy with respect to the social and eco- 
nomic effects of energy development. At the 
regional level, the Federal point of view is 
best expressed in the Region VIII DOE Region- 
al Profile. The edition of March 1979 reiter- 
ates a position taken in earlier volumes: 


The Region VIII office maintains the posi- 
tion that local communities and counties 
must take the initiative to become involved in 
assessing, planning for, and mitigating ad- 
verse energy related impacts. To effect a 
team effort involving industry, Federal, 
State, and local government, the initiative 
and follow-up must first be taken by local 
leadership.* 
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Several programs are operating that ad- 
dress limited aspects of socioeconomic ef- 
fects but, at present, none directly addresses 
the impacts that may come with synthetic fuel 
development or the specific consequences of 
accelerated shale oil production. A wide vari- 
ety of assistance is available through avenues 
not specifically designed to deal with energy 
development impacts. These various Federal 
programs have different emphases and 
modes of providing help, and impacted com- 
munities must compete with everyone else for 
the limited funds available. 


These regular Federal programs usually 
require elaborate proposal development but 
small towns with limited manpower often do 
not have the expertise to prepare grant ap- 
plications. Furthermore, many programs 
have lengthy review processes before deci- 
sions are made, which can be a disadvantage 
for boomtowns. For example, EPA grants for 
sewer facility upgrading take about 3 years 
from the time of application to the time of 
decision; if a community does not get a grant, 
this time is lost entirely and the town can only 
fall further behind in its effort to keep up with 
its growth. In addition, although the specific 
programs may be adequately meeting the 
needs for which they were designed, their 
limited nature means that the cumulative im- 
pacts of all types of industrial development 
are not being addressed. 


At present, the major role of the Federal 
Government is providing revenues for mitiga- 
tion; these monies come primarily from the 
Mineral Leasing Act of 1920, as amended. A 
somewhat expanded Federal impact mitiga- 
tion role is found in section 601 of the 
Powerplant and Industrial Fuel Use Act of 
1978. The extent and nature of any additional 
Federal involvement in impact mitigation are 
controversial. On the one side, it can be 
argued that social and economic impacts are 
State and local problems. They should be 
viewed as the inevitable consequences of in- 
dustrial development, and the Federal Gov- 


ernment need not be involved with their ame- 
lioration. This viewpoint, opposing Federal in- 
volvement, also contends that specific Fed- 
eral mitigation programs would increase bu- 
reaucracy, and cites the public’s growing dis- 
pleasure with the perceived intervention of 
Federal agencies in the daily life of the citi- 
zenry as a reason for not expanding Federal 
activities. On the other side is the position 
that national requirements are the root 
causes of the local impacts, therefore an ex- 
panded Federal role is appropriate. Several 
Western States contend that because ex- 
panded domestic energy production is a na- 
tional goal, for reasons of equity the Federal 
Government should assume a more direct role 
in the alleviation of negative impacts from 
this development. 


Assuming additional Federal involvement 
is desired, how can the Government most ap- 
propriately assist impacted communities? 
One position is that providing financial 
assistance is sufficient programmatically and 
only the amounts need to be increased; new 
programs and regulations are not desirable. 
Another position is that Federal regulation 
could be used to mitigate impacts by, for ex- 
ample, pacing industry’s growth rate through 
leasing policies. A third position is that the 
Government should be substantially involved 
in mitigation programs that use Federal 
funds. Part of this issue includes the question 
of when and where the Federal Government 
might to be involved. The provisions of the 
Powerplant and Industrial Fuel Use Act sug- 
gest that it should step in only when State and 
local governments cannot handle impact 
problems. A similar position is that Federal 
participation should be confined to areas re- 
quiring long-term commitments, such as hous- 
ing, sewer, and water systems. Another pos- 
sible Federal approach could be to help speci- 
fic groups (such as retired persons on fixed 
incomes or young adults seeking to enter the 
job market) who may be particularly hard hit 
in boomtowns.* 
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Possible Consequences of Oil Shale Development 


General Effects of 
Rapid Population Growth 


The recent development of energy re- 
sources has caused large numbers of people 
to move into established rural communities 
within short periods of time. All parts of a 
community are affected by this kind of 
growth. Local government agencies are 
pressed to provide additional services. A ma- 
jor difficulty is that the expanded facilities 
and services are needed before new tax reve- 
nues can be realized. A 3- to 5-year lag ap- 
pears to be the average between the time the 
increased services and facilities are required 
and the time additional revenues can be gen- 
erated. (See figure 71.) In the long run, how- 
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ever, local governments should benefit from 
the increased tax base resulting from energy 
development. 


Local governments need help in the early 
stages of rapid growth. One _ traditional 
means of raising the needed funds is by issu- 
ing bonds. While this remains important, ex- 
perience indicates that it is far from ade- 
quate. First of all, State law usually places 
limits on the amounts of indebtedness that 
counties and communities can incur through 
bond issues. Second, the assessed valuation 
upon which bonding limits are based in- 
creases over the life of a project but funds 
are needed during the early stages when the 
population is growing rapidly. Third, local 
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Municipal facilities will need to be upgraded to handle the population growth 
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Figure 71.—Energy-Related Employment, Tax Revenues, and Need for Public Services in an Area 
Affected by a Large-Scale Energy Development 
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SOURCE: S. H. Murdock and F. L. Leistritz, Energy Development in the Western United States, ©1979, Praeger Publishers. 


residents are often afraid to approve bond 
issues because of the instability of the boom 
cycle. People who have moved in during con- 
struction, and who are among those needing 
new services and infrastructure, usually 
leave at the end of the construction period. 
Longtime residents are fearful that they will 
be left to discharge debts incurred during this 
period. Consequently, voters in many of the 
most severely impacted communities have re- 
jected bond issues. Similar difficulties are 
found with loan and loan-guarantee pro- 
grams. In this instance, the statutory or con- 
stitutional limits on the debt that rural com- 
munities can incur is an obstacle to the use of 
the loans to meet front-end funding needs. 


Yet another statutory limitation can be a 
ceiling on the expansion of local government 
budgets. For example, in Colorado most small 
towns are prohibited from ‘‘the levying of a 
greater amount of revenue than was levied in 
the previous year plus seven percent...’ 
The practical effect of this restriction on mill 
levy increases is to limit municipal and coun- 
ty budgets to a 7-percent-per-annum growth. 


Finally, the ability of local governments to 
respond may be complicated because the de- 
velopment and the population growth may be 
in different places. When the project is in one 
taxing jurisdiction and the community in a 
different one, there is a jurisdictional mis- 
match. In this case, the town that must pro- 
vide increased facilities and services cannot 
look forward to larger revenues from taxes 
on the new industry. 


In the private sector, housing can be a ma- 
jor problem. It usually is in short supply; its 
prices are often greatly inflated; and land 
may not be available for new construction be- 
cause of terrain, price, or public ownership. 
Shortages of construction financing and 
mortgage money are common and, in some 
cases, new employees may not qualify for 
mortgages. The need for temporary housing 
for construction workers can exacerbate 
these problems. Mobile homes often fill this 
need but their siting and providing services to 
the sites add to the difficulties faced by local 
government. Industry has, in several in- 
stances, sought to assist by supplying capital 
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Siting of mobile homes creates multiple problems 


for housing construction. Because public 
housing is statutorily limited to low- and mod- 
erate-income groups, Federal Government 
agencies cannot provide much help. 


Other affected parts of the private sector 
are the local retail trade and service indus- 
tries. These businesses often anticipate in- 
creased income from energy development. 
What may not be expected are increases in 
labor costs, taxes, and competition. In some 
cases, this sector has not been able to meet 
the new demands; business failures have 
been the most extreme consequences. More 
common have been difficulties in getting and 
keeping help, providing the goods that cus- 
tomers want, and expanding stores and shops 
to keep up with the increased business. Like 
local governments, retail businesses should 
profit in the long run from energy devel- 
opment; their dislocations occur during the 
early periods of rapid growth when services 
cannot keep up with the new demands. 


Those parts of the community that provide 
services to the residents also are affected. In 
many areas, this support sector is inadequate 
prior to any sudden growth. For example, 
doctors and dentists are not readily available 
in many rural regions. School systems, while 
established, cannot offer broad curricula, 


and may have difficulty attracting and keep- 
ing personnel. The number of public safety 
professionals often is limited. Sheriff’s offices 
and town police departments seldom have 
large forces; fire protection is usually pro- 
vided by volunteer departments. Recreation 
facilities may be lacking. Social welfare serv- 
ices may depend on itinerant professionals, 
such as a public health nurse or social work- 
er who visits the communities periodically. 


The functions of a community’s social in- 
frastructure often are carried out through in- 
formal social networks. In rapid growth situ- 
ations, these networks can break down sim- 
ply because of the increased number of new- 
comers. If there are no established formal 
structures, then the services cannot be pro- 
vided. For example, in many rural commu- 
nities the school is the center of recreational 
activities, and there are few structured pro- 
grams. Increased demands to use the school 
gym cannot be met because there aren't 
enough hours in the day or enough basketball 
courts to accommodate the large number of 
new players. Established informal recreation 
patterns can thus be disrupted and nothing 
takes their place until a formal community 
program can be set up. The effects of rapid 
population growth on the various aspects of 
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Adequate recreational areas are often lacking in boomtowns 


the existing community support systems are 
among the more ubiquitous social impacts of 
energy development activities. 


Rapid growth inevitably causes social 
changes; those communities experiencing ex- 
cessive strains on their social structure from 
sudden growth have been called modern 
boomtowns.*' A well-documented example is 
the Rock Springs—Green River (Sweetwater 
County) area of Wyoming.” Here the popula- 
tion grew from 18,391 in 1970 to 36,860 in 
1974. Among the consequences were: 


e Housing availability fell far short of de- 
mand. In 1974, between 4,500 and 5,000 
families were living in mobile homes, 
many on scattered, isolated tracts in un- 
incorporated parts of the county. 


¢ These housing areas often lacked ade- 
quate water, sewer, and other facilities. 


e Health care became a major problem. 
An estimated 40 percent of the residents 
had to seek medical care outside the 
county; the mental health clinic caseload 


expanded ninefold as alcoholism, suicide 
attempts, and divorce rates soared. 

¢ Local government was overwhelmed 
with difficulties. Costs for capital con- 
struction of public facilities, such as 
water and sewer treatment plants, were 
greater than the communities’ borrow- 
ing capacity, and demands for public 
services, such as fire and police protec- 
tion, were beyond the available re- 
sources. 

¢ Schools could not keep up with the pupil 
increases. The school districts were al- 
ready bonded up to the legal limit and 
were not able to provide the needed ad- 
ditional services. 

° As a result of the boomtown conditions, 
industry was unable to recruit and re- 
tain employees. Employee turnover in 
1973 ranged from 35 to 100 percent, and 
productivity declined. Cost overruns re- 
sulted from construction delays.* 


It is difficult to determine whether a com- 
munity will be able to respond adequately to 
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the pressures of growth; however, some gen- 
eralizations have been drawn from case 
studies of towns like Rock Springs and Green 
River. Boomtowns have been described as 
having the following characteristics: 


e a small population base, usually under 
10,000 residents; 

e geographic isolation from urban areas; 

e rapid population growth; 

e a shift in economic activities away from 
agriculture, trade, and services to con- 
structing and operating energy-related 
industries; 

e demand for temporary and permanent 
housing that exceeds supply, with ac- 
companying price escalation; 

e increased symptoms of social stress 
such as crime, truancy, child abuse, 
alcoholism, and suicide; 

e inability of the public sector to provide, 
in a timely fashion, services and facil- 
ities such as streets, water, and sewers; 

e dislocations in the private sector such as 
business failure, labor shortages, and 
cost increases; 

e strain on health services from increased 
need for access to professionals and fa- 
cilities; 

e high employee turnover with accompa- 
nying decline in productivity; and 

e in the early stages, a lack of community 
concern for planning and growth man- 
agement. 


Alterations in human relationships under- 
lie the changes accompanying rapid growth.® 
Some social and behavioral scientists con- 
tend that these are among the most pervasive 
and significant consequences of growth and 
are the basic causes of boomtown symp- 
toms.** Among the alterations that have been 
identified in the social roles individuals must 
fill are increased anonymity, impersonaliza- 
tion, and specialization. At the institutional 
level, greater bureaucratization, centraliza- 
tion, and orientation of community units 
toward systems outside the local social struc- 
ture have been found.*” Among the psycho- 
logical factors identified in boomtowns are 
value conflicts between established residents 


and in-migrants, and shifts in personal inter- 
action patterns such as the deterioration of 
longtime friendship patterns. At the social in- 
stitution level, dramatic realinements of po- 
litical party membership, and an atmosphere 
of uncertainty about the future that under- 
mines established systems of social control 
have been documented.* On the other hand, a 
comparison of the experiences of four Colora- 
do boomtowns found a picture of resilience 
and adaptability suggesting the ‘‘hope that 
people can adjust to changes instead of being 
overwhelmed by them... .’’° 


Anticipated Growth in the 
Colorado Oil Shale Region 


As a sparsely populated, rural region, 
western Colorado is vulnerable to boomtown 
conditions. The three oil shale counties had a 
population of 90,748 at the time of a special 
census in 1977. Growth between 1970 and 
1977 ranged from 5 percent for Rio Blanco 
County to 27 percent for Garfield County; the 
largest growth (58 percent) was in Moffat 
County, to the north of the oil shale region. 
(See table 97.) None of the communities in the 
immediate area had a population over 3,000. 
(See table 98.) There are 2 to 19 persons per 
square mile and a high proportion of older 
residents. (See table 99.) Sixteen percent of 
the residents of the oil shale communities in 
Rio Blanco and Garfield Counties are over 65 
years old, which is over sixty percent higher 
than the national average.” 


The first step in attempting to forecast 
whether there might be disruption is to gauge 
the magnitude of possible migration to the 
area. As indicated earlier in the chapter, 


Table 97.—Population Growth of Colorado Oil Shale 
Counties 1970-77 


Population Population Percent 
County 1970 1977 change 
RigwBlanGOn ean seamen cu. 4,842 5,100 oe 
GAETICIG ARe Se. etd e. 14,821 18,800 26.8 
Mesa wie on. seen. 54,374 66,848 22.9 
MOT a RAsteien aR iy 4 6,525 10,303 57.9 


SOURCE: U.S. Bureau of Census data. 
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Table 98.—Population of Colorado Communities 
Apt To Be Affected by Oil Shale Development, 1977 


Location Population 
Rio Blanco County 

MGCKGr cranes taste. 5,0 ora eee 1,848 
Rangel A eae eter ys. ac. cccee eee er, RR 1,871 
Garfield County 

Glenwood) SpringSsareemes. nen on ees enn eee 4,051 
Grand Valley s3, ac ay hon ue en Ieee 377 
New' Castle = 4 yeaa Riera ae eee ate 543 
RING Rak et oka cetyl ee iL ene Ce ae 2,244 
Silt: fee asic. Ss ae onan aan, ee ea ee 859 
Mesa County 

DEIBEQuUe TAters 28 Sch neter irae eee ne eae 264 
Grand WUNCtON Maree tas eine an rene ranes 25,398 
Moffat County 

GUAIG a eee ey on A erie en A he 6,677 
DINIOSAU Me eters cs cd, ence eho Reet ae 347 


SOURCE: 1977 special census. 


Table 99.—Selected Demographic Indices of 
Oil Shale Counties of Colorado, July 1975 


Number of people Percent aged 


County per square mile 65 and over 
Rio BIANCO; ess cae eee more tee 2 8.3 
Garfield SRA ee. .eeeee ata: ae 6 10.5 
Mesdpe PRE pn 0ht: aN Se: Apr pie 19 11.9 
MO tiate ats ot a ee te a ot 2 8.3 


SOURCE: Bureau of the Census, City and County Data Book, 1977. 


CWACOG has a growth-monitoring system 
that provides projections of future growth. 
Because this organization serves the day-to- 
day needs of the individual counties and com- 
munities, the projections are frequently mod- 
ified in an attempt to reflect the current situ- 
ation. To an outsider, there appear to be sev- 
eral sets of data none of which coincide since 
it is possible for a town to be using one set of 
projections to plan for additional housing, 
another to determine water and sewage 
treatment requirements, and a third to esti- 
mate the costs of providing public services. 
Although this arrangement creates some con- 
fusion as to which projections are the most 
accurate, it is important to modify projections 
when the assumptions change. As an illustra- 
tion, Rangely’s projections have been over- 
estimated in the past because they have as- 
sumed a new road would be built from the 
town to tract C-a. Since the road was not 
being constructed when the most recent hous- 
ing projections were made, the CWACOG 


housing data took this into account and 
Rangely’s figures were adjusted downward; 
but because these revisions are not reflected 
in all of the projections, discrepancies can be 
found between different sets of data. 


Each year, CWACOG prepares for the re- 
gion an official set of projections to the year 
2000, based on the following information: 


e baseline population data from the 1970 
regular and a 1977 special U.S. census; 

e energy company employment projections 
with a family multiplier (2.0); 

e¢ support industry worker multipliers with 
accompanying family multipliers (2.5); 

e base worker distributions assigned by 
county and community; and 

e cohort survival factors. 


Three population projection scenarios are de- 
rived using these factors: 


Natural population growth with- 
out energy development; 

Growth with energy industry de- 
velopment, as presently planned; 
Scenario III— Growth with energy development 
including shale oil production of 
500,000 bbl/d in 1990 and 750,000 
bbl/d in 1995 and 2000. 


The first scenario is a conservative esti- 
mate of growth with a population induced 
from non-energy-related employment figures. 
Its major benefit is to provide a lower limit 
against which to compare the growth sce- 
narios. The second scenario, growth with 
energy development, contains base worker 
projections from 18 companies including 6 
that expect to proceed with oil shale develop- 
ment. These are the developers of tracts C-a 
and C-b, Superior, Union Oil, Paraho, and Col- 
ony (Atlantic Richfield and Tosco).*' This 
scenario has been selected by the CWACOG 
Board as the officially endorsed set of projec- 
tions because it reflects the stated plans of 
companies active in the region. The third sce- 
nario illustrates an upper limit generated by 
assumptions for a rapidly deployed oil shale 
industry. 


The latest official CWACOG projections 
for the oil shale counties, published in Novem- 


Scenario I— 


Scenario IJ— 


a 
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ber 1979, show that Rio Blanco and Garfield 
Counties are expected to have sharp popula- 
tion increases under the energy development 
scenario. (See table 100 and figure 72.) The 
number of people in Rio Blanco County is fore- 
cast to be, by 1985, four times the 1977 spe- 
cial census count, while the number in Gar- 
field County is seen as nearly tripling. Moffat 
County is projected to have a large increase 
in the early 1980’s but this growth is attrib- 
uted to coal and electric generation devel- 
opment, not to oil shale. Mesa County is ex- 
pected to grow without extreme fluctuations, 
but the number of people is projected to near- 
ly double by 1990 over the 1977 figure. 


CWACOG prepares projections for individ- 
ual communities as well as for the counties. 
(See figure 73.) For the energy development 
conditions (Scenario II), these figures reveal: 


e Rifle’s population is projected to grow by 
1985 to over six times the 1977 count. 

e Meeker’s population is projected to grow 
by 1985 to over seven times the 1977 
count. 

e Rangely’s population is projected to 
grow by 1985 to over three times the 
1977 count. 


The projections for Scenario III, assuming 
an industry producing 500,000 bbl/d of shale 
oil by 1990 and 750,000 bbl/d by 2000, dis- 
close exceptionally high growth for the re- 
gion. By 1985, Rio Blanco County is projected 
to have almost 8 times the number of people 
counted in 1977; Garfield is forecast to have 
31% times its 1977 count. Mesa and Moffat 
Counties are not forecast to have such spec- 
tacular growth, although Mesa County’s pop- 
ulation is seen as growing to almost 3 times 
the 1977 figure by 2000. 


The populations of Rifle, Meeker, and 
Rangely are projected to increase from 
around 2,000 to over 22,000 by 1985, with a 
net increase of approximately 18,860 resi- 
dents for Rifle. Like the counties, the biggest 
increments for the towns occur in the early 
years, between 1980 and 1985. Under Sce- 
nario III, the projected growth for these three 
communities exceeds 500 percent in the peri- 
od between 1980 and 1985. (See table 101.) 


Needs Arising From Anticipated Growth 


The projections are used by the counties 
and communities to prepare plans for their 


Table 100.—Population Projections by Development Scenario for the Oil Shale Counties of Colorado 


Rio Blanco Garfield Mesa Moffat 
1977 
Acttialsawere reer Se ke 5,100 18,800 66,848 10,303 
1979 
Estimated emseow. Gabo ahem ewe 5,580 22,000 75,000 10,925 
1985 
SCONANO CREE RCE Ie ree rent SAS 28,181 101,005 11,509 
SEM ANGuIR oy ween 5 tetanus ree 22,809 50,559 107,855 15,306 
Scenaolligees: elec ssed Sea. t 40,501 66,820 128,460 18,892 
1990 : 
SCenanlGulea wee even ven nee ram 6,177 32,080 121,091 133i 
S Cenarion eee wet ara teks 19,522 56,909 128,308 17,090 
SEMAN Oulleememeener ere see ensue iccores 35,881 71,621 147,583 24,302 
2000 
SCenaioulees Mae ceke eid ands 6,973 45,344 161,266 16,914 
STEM 5 aka Po on ore 20,318 83,012 169,882 20,693 
SATU n ess Qo ake ere 44 303 95,365 190,484 27,905 


4From a 1977 special U.S. census. 


bend-of-the-year estimate prepared in July 1979 by the Colorado West Area Council of Governments. 


Based on the following: 
Scenario | —Natural population growth without energy development. 


Scenario |! —Growth with energy development according to employment forecasts from 18 industries active in the region (official 1980 CWACOG projec- 


tions). 


Scenario |II—Energy development including shale oil production of 500,000 bbI/d in 1990 and 750,000 bbi/d in 1995 and 2000. 


SOURCE: Colorado West Area Council of Governments. 
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Figure 72.—Population Projections for Colorado Oil Shale Counties by Development Scenario, 1980-2000 
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OFFICIAL 1980 CWACOG PROJECTIONS 


SOURCE: Colorado West Area Council of Governments. 
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Figure 73.—Population Projections for Selected Oil Shale Communities in Colorado 
by Development Scenario, 1980-2000 
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SOURCE: Colorado West Area Council of Governments. 


growth. There are over 20 documents that 
identify specific needs expected to arise in 
the period between 1980 and 1985.* Exam- 
ples in the following discussion have been 
taken from these various planning docu- 
ments.” 


Needs for the entire region are mainly in 
the areas of health and education; over 90 
percent of them are for improving schools 
and upgrading hospital facilities. Technical 
assistance for CWACOG is also included. 


*Because the needs appear in plans prepared by different 
groups at different times, a variety of CWACOG projections 
have been employed (see discussion at the beginning of the pre- 
ceding section). For this reason, it is difficult to link specific re- 
quirements directly to the CWACOG population scenarios. 


POPULATION 


POPULATION" 


18,000 
17,000 
16,000 
15,000 
14,000 
13,000 
12,000 
11,000 
10,000 
9,000 
8,000 
7,000 
6,000 
5,000 
4,000 
3,000 
2,000 
1,000 


1980 1985 1990 1995 2000 


RANGELY 


26,000 
24,000 
22,000 
20,000 
18,000 
16,000 
14,000 
12,000 
10,000 
8,000 
6,000 
4,000 
2,000 


RIFLE 


Table 101.—Projected Population Growth of 
Selected Oil Shale Communities, 1979-85 


Projected 
population 
19798 


Projected 

population 
1985° 
22,060 
16,745 
14,088 


Percent 
increase 


589 


644 
641 


Community 


Rifle 
MGCK GI a8. ways: <i 
RAN OGlV aa arena thaad a te 


Estimate at end of year. 
DeWACOG Scenario III (does not include fringe areas around each town). 


SOURCE: OTA, based on projections from the Colorado West Area Council of Governments. 


Compilation of regional requirements is com- 
plicated by overlapping or differing jurisdic- 
tions for a number of services. For example, 
the Valley View Hospital, located in Glen- 
wood Springs, in a recent needs assessment 
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included as a service area the central part of 
Garfield County. This portion of the county 
encompasses Rifle, site of the Clagett Memo- 
rial Hospital, and overlaps the Grand River 
Hospital District in which the Rifle hospital is 
placed. School districts, although not overlap- 
ping, encompass a number of different com- 
munities, which makes it difficult to separate 
their requirements from those of the munici- 
palities. Sanitation and recreation districts 
with differing boundaries add to the compli- 
cations. 


For Garfield County, planning documents 
contain over two dozen projects needed be- 
tween 1979 and 1984: 41 percent of them are 
in the area of education; 19 percent in the 
health and medical services; 15 percent in 
public services, especially water supply proj- 
ects; 11 percent each in mental health and 
public facilities, the latter primarily roads; 
and 3 percent for welfare services. 


Rio Blanco County and its communities, 
Meeker and Rangely, expect large growth 
from expanded shale development. For the 
period from 1980 to 1985, planning groups 
have identified five categories of needs for 
the county. About half are for public facilities 
and services: roads, highways, and bridges; 
airport improvements; trash compactors; a 
public safety building; and similar projects. 
Educational necessities, hospital improve- 
ments, recreational projects, and support for 
the planning infrastructure make up the re- 
mainder. 


Needs From Oil Shale Development 


Several different kinds of energy industry 
activities are taking place in the region. 
Unless it is rapid, the expansion of the oil 
shale industry, in and of itself, may not 
disrupt the communities of western Colorado; 
combined with accelerated coal development, 
oil and gas exploration and production, the 
installation of electric generation plants, and 
the possibility of other synthetic fuel activ- 
ities, the effects could be devastating. Sepa- 
rating the potential consequences of shale 
development from the combined effects is dif- 


ficult, and local planners do not try to do so. 
The following discussion emphasizes oil shale 
development while recognizing that it will oc- 
cur in the larger context. 


Mesa County 


The effects on Mesa County depend on the 
location of development. At present, between 
30 and 40 percent of the employees at Logan 
Wash facilities operated by Occidental Oil 
Shale, Inc., live in the Grand Junction area, 
and further development along the southern 
rim of the Piceance Basin would add to these 
direct effects in the county. Otherwise, they 
are likely to be indirect, taking the form of 
demands on the transportation and service 
sectors, both public and private, and on sup- 
port industries. Benefits, such as increased 
revenues and cash flow, will occur when 
shale workers go to Grand Junction to pur- 
chase goods and services. 


De Beque is the Mesa County community 
now experiencing direct effects of oil shale 
development activities. It is the nearest com- 
munity to Logan Wash and exemplifies sever- 
al of the problems associated with boomtown 
growth. It is located in Mesa County, while 
Logan Wash is in Garfield County; thus tax 
revenues from the energy development ac- 
crue to a jurisdiction different from the one 
receiving the impacts. De Beque has had dif- 
ficulty preparing for increased growth, par- 
ticularly in dealing with the effects of infla- 
tion. A 1976 study detailed the improvements 
needed by the water supply system. It 
estimated the costs at $608,000; when bids 
were opened in 1978, they came to $787,000; 
but only $500,000 was available. The city 
was unable to assume any additional debt 
and had to turn to the State for help. When 
completed, the facilities will be adequate for 
the present population but would have to be 
expanded if a large number of new residents 
were to be accommodated. 


Garfield County 


In 1975, the Colony Development Operation 
proposed that a new residential community, 
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to be called Battlement Mesa, be constructed 
south of the Colorado River near Grand Val- 
ley. The Garfield County commissioners 
granted zoning approval for the development 
of 7,000 housing units for up to 21,000 resi- 
dents, to be constructed over a 10- to 15-year 
period. Colony invested a little over $3 million 
in land acquisiton and related activities for 
Battlement Mesa. The new town was de- 
signed to serve the Colony shale activities on 
Parachute Creek; actual development of the 
site was suspended when the company chose 
not to move ahead with its plant. It is prob- 
able the new town will be constructed in the 
1980's. 


RIFLE 


Rifle is the community displaying the most 
visible effects of shale development activities. 
It is estimated to have grown by about 1,000 
residents from the 1977 census figure of 
2,244. Using the increase in the value of 
building permits as an indicator, it has grown 
about 45 percent in the past 2 years. A pop- 
ulation of 10,000 has been used as the target 


for planning purposes, and city officials feel 
this number could be accommodated within 
the next 3 to 5 years. Over 40 projects have 
been identified as needed between 1979 and 
1984 to ease the effects of this expected 
growth. About half of these are for public fa- 
cilities, mostly water supply projects and 
public buildings. About 10 percent are for 
roads, and another 10 percent for public 
services, such as a new fire-rescue vehicle. 
Educational expansion, including programs 
and buildings, account for another 10 per- 
cent, with housing, health, and recreation 
projects representing the remainder. 


Rifle is beginning to display some symp- 
toms of boomtown stress. The incidence of re- 
ported spouse and child abuse is increasing. 
Statistics maintained by the police depart- 
ment show a rise both in the number of juve- 
nile crimes and in cases of substance abuse; 
alcohol abuse is the biggest problem. Mental 
health personnel note an increase in the num- 
ber of individuals having problems in their re- 
lations with other people. Consistent data col- 


Photo credit: OTA staff 


View of Rifle, Colo. 
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lected over several years are not available in 
these categories, but what has been obtained 
points to the emergence of increasing social 
and psychological stress. 


A large number of retired persons live in 
the area, and more than 20 percent of the 
population is estimated to be over 60 years 
old. A number of programs have existed for 
several years for these residents, and they 
themselves are active advocates for their in- 
terests. Should the current rate of inflation 
be compounded by increased costs from rap- 
id growth those who live on fixed incomes 
would suffer even more than they are now. 


For some time, Rifle has had severe traffic 
congestion. The main highway to the north 
goes through the middle of town, passing the 
elementary and high schools. Dust and ex- 
haust fumes, particularly from trucks, have 
polluted the downtown area. It has taken a 
long time to correct the problem because of 
the necessity to coordinate plans with the 
State highway department. City services have 
been hampered by a lack of adequate office 
space. Rifle is in the first stage of a planned 
three-stage water expansion project. The en- 
tire project will accommodate 10,000 resi- 
dents, in increments of 3,000 to 3,500 per 
stage. The sewer system is also currently 
being upgraded. 


Sufficient land is available for about 1,700 
new housing units; construction has been 
underway in recent years. The junior high 
school building is being expanded and, on 
completion of the addition, will become a 
combined junior-senior high school. A new 
elementary school is needed and the city has 
applied to the State for assistance in its con- 
struction. The hospital needs to expand its 
outpatient facilities. The nursing home is 
operating almost to capacity, and will soon 
require repairs and renovation. 


OTHER GARFIELD COUNTY COMMUNITIES 


Grand Valley reflects the types of diffi- 
culties faced by communities living with the 
uncertainties of energy development. Several 
years ago, in anticipation of growth from in- 
creased oil shale development, the school was 


expanded. Because the expected growth did 
not come to pass, the school is presently 
operating below capacity; and the citizens, 
while desiring it, view current promises of 
development with some skepticism.” Like Silt 
and New Castle, Grand Valley has had to 
place a moratorium on new building because 
the water and sewer systems are operating 
at, or beyond, capacity. The town applied for 
an EPA construction grant for a new sewage 
treatment facility in 1976 but did not know if 
it would receive the funds until 1979. In the 
interim, it tried to obtain money from the Col- 
orado Department of Health, but was unsuc- 
cessful. Although the EPA grant, plus assist- 
ance from the Oil Shale Trust Fund, has now 
been received, the site had not been approved 
in mid-1979. 


Silt is one of the fastest growing commu- 
nities in the valley. The population doubled 
between 1970 and 1977—from 434 to 859— 
and the town planner believes it was close to 
1,000 at the end of 1979. The CWACOG pro- 
jections estimate 1,211 by the end of 1980 
under energy development conditions (Sce- 
nario II). Current plans call for public facil- 
ities to accommodate 2,800 residents by the 
mid-1980’s. These facilities include an im- 
proved water supply and an expanded sewer 
system. The sewer system improvements are 
currently in the design phase and the water 
system is already being upgraded. Like many 
small communities, the town lacks sufficient 
skilled manpower. There is only one police of- 
ficer and no budget for additional personnel. 
Only two people are in the public works de- 
partment, and they cannot keep up with the 
increased workload. 


In New Castle, ultimate growth probably 
will be limited by the availability of land, 
since the town is located in a fairly narrow 
part of the Colorado River valley. The official 
CWACOG energy development projections es- 
timate a population of 1,055 in 1985 and 
1,608 by 2000. The city is now improving its 
water supply and distribution system to per- 
mit additional growth; a moratorium on new 
water taps was necessary after a new ele- 
mentary-junior high school facility was 
opened. A revitalization of coal mining in the 
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area could combine with oil shale develop- 
ment to add to growth pressures in the town. 


Because Glenwood Springs, the county 
seat, is located in the eastern part of Garfield 
County, the community will experience more 
secondary than direct effects. The city has 
been growing mainly from recreational devel- 
opment in the Aspen and Vail areas. If the 
communities down the Colorado River valley 
are unable to cope with rapid growth, the 
consequences will extend to the Glenwood 
Springs area. 


In sum, Garfield County has received most 
of the growth so far from oil shale develop- 
ment. This growth has been combined with 
the expansion of other industries and, as a 
result, the county has been pressed to meet 
the needs of the new populace. All the com- 
munities in the area have increased popula- 
tion, and three have had to place moratori- 
ums on new construction because of inade- 
quate water and sewer systems. Rifle should 
be able to accommodate a population of 
10,000 if current plans can be completed, but 
is already beginning to experience some of 
the symptoms of boomtown conditions. If ac- 
celerated growth occurs, Rifle will need addi- 
tional funds in order to make public facilities 
and services available to the new residents, 
and will have to increase its efforts to prevent 
social and individual stress. 


Rio Blanco County 


In anticipation of future growth, a signifi- 
cant planning effort has been underway for a 
half-dozen years, zoning and other growth- 
control laws have been enacted, and support 
for these measures appears widespread. 
Roads have been a longstanding need but 
their cost has proven a barrier to construc- 
tion. Extension of County Road 24 from the 
C-a tract site to Rangely was proposed by the 
developers in their early plans (see figure 74); 
however, the State legislature has been reluc- 
tant to appropriate funds for construction. A 
feasibility study of 10 alternatives was made 
and 1 was recommended to the State; plan- 
ning for it is now underway. Timing is criti- 


cal; if the C-a tract begins production and the 
road is not available, permanent employees 
will choose to live in Meeker or Rifle, both of 
which are now closer. Without this access, 
the opportunity to allocate some of the coun- 
ty’s growth to the Rangely area will be for- 
feited. 


MEEKER 


Meeker grew about 15 percent between 
1970 and 1977; its estimated population in 
1979 was 2,250 to 2,300. The community’s 
physical infrastructure (e.g., water, sewer, 
streets), when current improvements are 
completed, could support between 4,000 and 
5,000 residents; this figure may be reached in 
1982 or 1983. However, the growth rate could 
accelerate. For instance, the draft EIS for the 
proposed Superior development, in projecting 
cumulative growth for its own and seven 
other energy projects,® places Meeker’s pop- 
ulation at 5,077 in the first year of operation, 
a doubling of the present estimated popula- 
tion in one calendar year. Even this projection 
could be low, since there are more than this 
number of possible projects under considera- 
tion by different industries for the area. 


Of the needs identified by local officials, 55 
percent are for public facilities and services, 
15 percent for the schools, 19 percent for rec- 
reational projects, 9 percent for day care and 
senior citizens’ support, and 2 percent are for 
hospital projects. Housing so far has kept up 
with demand. In the immediate area, four 
subdivisions are under construction, and a 
mobile home park has been approved. Under 
review, but not yet approved (in late 1979), 
were another mobile home park and a num- 
ber of smaller subdivisions, none of which is 
presently within the Meeker water service 
area. Furthermore, the town is presently 
committed to the subdivisions now being built 
for 100 percent of its available water taps. 
Although the streets within the large subdivi- 
sions will be built by the developer, the town 
must provide the main arteries to those 
areas. The wastewater treatment plant is 
committed almost to capacity, and planning 
has started for its expansion. 
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Figure 74.—Area of Proposed Road From Rangely to Oil Shale Tract C-a 
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SOURCE: 1977 Addendum to the Rio Blanco Oil Shale Project, Social and Economic Impact Statement. 
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The construction of water and sewer facil- 
ities is an example of the kinds of projects re- 
quiring adequate leadtime. If Meeker fails to 
begin preparing to expand its water supply 
and sewage treatment capacity now, it will 
not be able to absorb increased growth in 3 to 
5 years. These kinds of improvements also 
serve as examples of the financing difficulties 
faced by rural towns. In constructing its pres- 
ent water system Meeker created a $2.4 mil- 
lion debt that requires an annual debt service 
equivalent to 20 mills of the property tax levy. 


ee . NS aN 
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Photo credit: OTA staff 


Approximately $760,000 will be required to 
expand the storage capacity of the water sys- 
tem and $2.5 million to upgrade the waste- 
water treatment plant. Thus, the city is fac- 
ing a potential additional debt of over $3 mil- 
lion in the next 3 to 5 years. 


Meeker also reflects some of the adminis- 
trative difficulties faced by growing towns. 
Colorado’s statute, which restricts spending 
by municipalities (except home-rule cities) to 
a 7-percent increase over the annual proper- 
ty tax revenues,® means for Meeker that the 
maximum the town can increase its spending 
is about $3,000 per year. Recently, the annual 
inflation rate has approached 16 percent, 
which makes such a small increase essential- 
ly nil in real revenues. The statute does pro- 
vide for some administrative relief with the 
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approval of the State DLA but an application 
for an exemption filed by the city in 1976 was 
turned down. A manpower shortage plagues 
the city government. During the summer, 
when demands for labor are highest, the 
town has used inmates from the jail for assist- 
ance. According to the town manager, all of 
the municipal government staff but two are 
paid salaries lower than the HUD poverty 
guidelines for rural Colorado.” 


Overall the incidence of symptoms of social 
stress has not been increasing at the rate 
seen in other towns. A shift in the types of 
crimes committed has been noted, with in- 
creases in thefts, bad checks, and drug-re- 


lated incidents; and a rise in the number of 


runaways has occurred in recent years. The 
number of cases reported by the police has in- 
creased at a faster rate than the population 
growth.” The hospital outpatient services are 
operating at capacity; an additional emergen- 
cy room and laboratory are pressing needs. 
The school district is operating below its total 
capacity but some of the individual schools 
are full. A new elementary school will be 
needed between 1981 and 1982. 


Attitudes about growth have been divided. 
In a survey conducted in 1974, 35 percent of 
the respondents agreed and 53 percent dis- 
agreed with a statement that the majority of 
growth from resource development should oc- 
cur in Meeker. The town manager said in 
1979” that he felt the community wishes 
enough growth to pay the indebtedness in- 
curred by construction of public facilities and 
to provide new amenities such as a larger su- 
permarket and expanded recreation facil- 
ities. 


RANGELY 


Rangely finds itself in the paradoxical posi- 
tion of desiring additional growth but foiled in 
its efforts to obtain it. The biggest difficulty 
has been gaining improved access to oil shale 
activities. The proposed road to tract C-a was 
discussed above. Rangely’s earlier experi- 
ences with oil and gas booms have made the 
town receptive to energy development and 
the residents feel that growth from an ex- 
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panded oil shale industry would be benefi- 
cial. 


In addition to the access road, a dozen proj- 
ects are judged to be needed by 1985. Half of 
these are for public facilities, such as a water 
supply pipeline to areas of new home con- 
struction. With improvements, the water sys- 
tem could serve a population of about 11,000 
and the sewer treatment facilities are ade- 
quate to serve 10,000 people if the sewer 
mains can be upgraded. Because of the need 
for these improvements, however, the capaci- 
ty of the town between 1985 and 1990 is esti- 
mated at only 6,000 residents.” Like most 
rural health care facilities, the Rangely 
Hospital has had to defer some maintenance 
and equipment needs in order to meet oper- 
ating expenses but will have to take care of 
them before services can be provided for a 
larger clientele. 


Recent school construction has provided 
sufficient capacity to absorb more pupils, but 
this again reflects Rangely’s paradox. If the 


town is unable to attract more families, the 
expansion of the schools will leave the build- 
ings half-full and the remaining residents 
burdened with the debt of the expansion. The 
optimism of the citizens is reflected in their 
willingness to approve construction of a new 
indoor recreation facility that opened in the 
late spring of 1979. 


The Rangely area has a strong feeling of 


identification with eastern Utah. The town is 


located about 15 miles east of the border. It is 
a little over 45 miles to Vernal, Utah, less 
than the distance to Meeker (57 miles) and to 
Grand Junction (85 miles). The road to Grand 
Junction goes over Douglas Pass (8,628 ft), 
making the route less appealing than the flat- 
ter highway to Utah. For these reasons, it is 
easier for Rangely residents to travel to Ver- 
nal. Colorado officials have sometimes acted 
in a way that the residents view as reinforc- 
ing their links with Utah; it took about 40 
years to get the State to build the road over 
Douglas Pass. If the region experiences rapid 


Photo credit: OTA staff 


Recreational facility in Rangely, Colo. 
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growth from oil shale development, the feel- 
ings of being ignored could add to other nega- 
tive impacts. Moreover, if the oil shale activ- 
ities are in Utah but the workers live in Col- 
orado, a prime example of the problems of ju- 
risdictional mismatch will occur. 


In sum, Rio Blanco is the least populated 
county with the most limited highway system. 
Planning is well advanced with provision for 
extensive community participation. Some ur- 
gent needs, such as improved access to the 
Federal oil shale tracts, have not been met 
with as rapid a response as the local citizens 
might have wished; the State legislature has 
been reluctant to appropriate the large sums 
necessary for these projects. Rangely desires 
growth but will not receive much if a road to 
tract C-a is not constructed; Meeker is less in- 
clined to have more growth than it has al- 
ready gotten from coal development, yet may 
have to absorb new population from oil shale 
activities. 


Summary 


The socioeconomic consequences of oil 
shale development depend, among other 
things, on the location of the activities. In- 
creased development of the private lands 
along the southern rim of the Piceance basin 
will lead to growth in Garfield and Mesa 
Counties and the communities of the Colorado 
River valley. Additional activity on the Fed- 
eral lands in Rio Blanco County will mostly af- 
fect Meeker and Rangely, although Rifle 
could grow as well from this expansion. In 
Moffat County, Craig could be influenced by 
activities in the northern section and, if devel- 
opment occurs in Utah, Dinosaur and Rangely 
would be directly affected. Growth will tend 
to concentrate in established communities 
where services are already available. The 
limited surface transportation system will 
also foster concentration. In Rio Blanco Coun- 
ty it is encouraged by a zoning policy that is 
intended to direct growth to Meeker and 
Rangely. 


The needs by county and community be- 
tween 1980 and 1985 are summarized in ta- 


ble 102. The table shows clearly where the 
local leaders see the greatest constraints on 
growth: water supply systems for the munici- 
palities, schools, and medical and health 
services and facilities. Several towns in- 
dicate a need for more personnel. Rifle and 
Meeker are the communities with the largest 
number of priorities. Assuming that the proj- 
ects now underway are completed, Rifle 
should be able to absorb, between 1985 and 
1990, up to 10,000 people. The other Garfield 
County communities in the oil shale vicinity 
could accommodate about 7,000 and the 
rural areas between 1,500 and 2,000 per- 
sons. If construction were started immediate- 
ly, the new town of Battlement Mesa might 
house 2,500 people by 1985. In Mesa County, 
De Beque might be able to accommodate a 
total of 700 to 1,000 but most workers from 
the southwestern part of the Piceance basin 
will probably reside in the Grand Junction 
area. In Rio Blanco County, both Meeker and 
Rangely are judged to be capable of providing 
for 6,000 persons apiece.” A total of 2,000 
people might live in the rural areas. Alto- 
gether, by 1985 Garfield County could accom- 
modate about 21,000 and Rio Blanco about 
14,000, for a total of 35,000 residents. (See 
table 103.) 


Other than the planning efforts of 
CWACOG, no systematic evaluation of the 
full range of consequences for the entire re- 
gion is being undertaken. For example, the 
draft EIS for the proposed Superior Oil Co. 
project” discusses, in the section on cumula- 
tive impacts, seven other activities that might 
interact with the Superior development. How- 
ever, a total of 30 energy-related projects are 
identified by CWACOG and impact studies as 
possibly affecting the region. Similarly, plan- 
ning documents give attention to individual 
counties or communities but do not address 
areawide problems in detail. For instance, 
the relationships and responsibilities of local, 
State, and Federal government agencies are 
critical for communities facing boomtown 
conditions, but they are not dealt with in any 
of the plans. Jurisdictional mismatches also 
are seldom addressed. Development on pri- 
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Table 102.—Priority Needs Identified by Oil Shale Counties and Communities, 1980-85 


5 o 

Ty Ss 
Source of request = na 
Regional ia eee 
Mesa County............ ° e e ° 
DeiBeQue eet) 5. een Wace e 
Garfield County .......... ° e ° 
Gani VallGV seer ieee e e 
NewiCaStlessry oan. cue e 
RIG? ss Fee ec ae e ° e e e 
Sills, Aes, eetec? Cee e e e 
Rio Blanco County......... e 
Meeker a career ens * e e e e 
RamnGGl Vin: anemones Gs &e eas e e e e 
Moffat County ........... e e e e e 
DINOSAUR Ae enh t: e eerer. e 


See ref. 62 for listing of sources of needs. 
Dincludes support for planning infrastructure and personnel needs of local agencies. 


SOURCE: Office of Technology Assessment. 


Table 103.—Actual and Projected Population and Estimated 
Capacity of Oil Shale Communities in Colorado 


Population 
1977 1980 1985-90 
Location@ census® projected capacity4 
Garfield County 
RUGS pen ee Pt BH Be Aeron a 2,244 4,362 10,000 
Silt o.0se Uwe a7 eee 859 eZ did 2,800 
NewiCastle: syaivs pune teas eae ea 543 831 1,000 
Grand: Valey si pecs 5 Leet a, cee se ore See 589 3,000 
Baltleme nu MGS: sa slat saenan = 198 2,900 
Othe t.. .8a hee Sh ee eee = = 1,700 
Subtotal’, tae 5 el ee 4,023 7,191 21,000 
Rio Blanco County 
Meek @ hex sce tab sar A iene ager, 1,848 2,/79 6,000 
RANGEL 15 a ammn OMtbetle w t eece 1,871 2,223 6,000 
OUNGES % 5 oars er ie eee aia ee ae are 1,381 1,542 2,000 
Subtotal anne. cen eee eee 5,100 6,544 14,000 
LOtal ein 22h eer eae) ae 9,123 13,735 35,000 


4Does not include Mesa or Moffat Counties, both of which are more distant from the area of devel- 
opment. 

DActuals froma special U.S. census. 

CEnd-of-the-year projections by the Colorado West Area Council of Governments. 

dEstimated by OTA from various planning and needs assessments documents; assumes comple- 
tion of currently planned projects (e.g., housing, water and sewer system expansions, street 
and road improvements, etc.). 

&A new town; construction anticipated to begin in the early 1980's. 

includes only the immediate oil shale vicinity. 


SOURCE: Office of Technology Assessment. 


vate oil shale holdings in Garfield County 
could cause rapid growth in Mesa County, 
and workers in Utah could reside in Colorado; 
neither problem has been systematically ana- 
lyzed. 


4 


Potential Effects of Accelerated 
Development 


The response of a given community to 
growth depends on a number of elements. 
Among these are: 


e the absolute numbers and abruptness of 
the population influx; 

e the attitudes of both long-term residents 
and newcomers; 

e past experiences with boom and bust 
cycles; 

e the ability of local political structures to 
prepare for population growth; and 

e the availability of assistance—financial 
and other—for mitigation of impacts. 
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Whether the consequences of growth are fa- 
vorable or unfavorable depends on whether 
the people can adapt to the stresses accompa- 
nying change. This ability is unique to each 
community and must be viewed as part of a 
dynamic set of complex events. Conclusions 
about the possible effects of future oil shale 
development must recognize the complex and 
changing nature of the different communities 
and of the events impinging on them. 


Industrial expansion in western Colorado 
will have positive as well as negative conse- 
quences. In the economic sphere, a primary 
benefit will be increased economic activity. 
The direct effects of increased employment, 
higher wages, and stimulation of support in- 
dustries and services would be felt through- 
out the region. Both the public and private 
sectors would benefit from industrial and 
services expansion. Towns and counties 
should enjoy a broader tax base. A sense of 
identity and pride, combined with an antici- 
pation of the advantages of growth, have al- 
ready been manifested. Planning activities, 
such as the preparation of the master plan 
for Rangely, have contributed to the public’s 
expectations for the future. The successful 
operation of the task forces that propose solu- 
tions for growth problems is tangible evi- 
dence of increased sociological and psycho- 
logial cohesion. The confidence that many 
local officials express in their community’s 
ability to deal with growth is also an indica- 
tion that, to date, the social consequences of 
oil shale development have been positive. The 
involvement of the oil shale developers in 
growth management efforts shows industry’s 
responsiveness to the social effects of its ex- 
pansion. 


Oil shale development has been and will 
continue to take place concurrently with 
other activities, especially energy-related 
ones, such as coal, uranium, oil, and gas pro- 
duction. Dealing with the cumulative effects 
of all the growth may prove difficult. In addi- 
tion, the nature of new oil shale ventures is 
unclear. Factors of particular importance for 
social and economic adjustment will be the: 


e number—how many new oil shale devel- 
opments occur; 


e size—how large the facilities will be; 


e location—where shale mining and proc- 
essing activities take place; 


~e timing—when each is built and how this 
relates to other development; 


e rapidity—how quickly any new ventures 
are built; and 


e type—the nature of the technology and 
ancillary processes chosen. 


The position of the State regarding both oil 
shale development and social and economi¢ 
impact mitigation is also not certain. Until 
more is known about these factors, the exact 
nature of the population in-migration that will 
accompany new development cannot be ade- 
quately projected, nor can the full dimensions 
of the consequences, both positive and nega- 
tive, be forecast. So long as oil shale devel- 
opment continues according to the plans 
already laid, the people of oil shale country 
should be able to adjust to the resulting 
growth. Only if expansion occurs suddenly or 
to a greater degree than now planned will 
boomtown consequences occur. (See ch, 3 for 
a further discussion.) 
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Summary of Issues 


Identifying and Evaluating Social and 
Economic Impacts 


In the usual course of economic develop- 
ment, Government assistance in coping with 
the consequences of growth is not a prime 
concern. One question underlying energy de- 
velopment is the distinction between effects 
that can be handled by local communities— 
that is, those that can be considered a normal 
concomitant of development; and those that 
are problems because they cannot be readily 
solved by local resources—boomtown effects. 
An example of criteria used to make this 
distinction is found in section 601 of the 
Powerplant and Industrial Fuel Use Act of 
1978. These include increased employment of 
8 percent or more per year in coal or uranium 
activities, a resulting or projected housing 
shortage, and inadequate State and local fi- 
nancial resources to meet needs over a 3-year 
period. 


Thus far, Federal agencies have assisted in 
the identification of boomtown conditions 
mainly through data-gathering and informa- 
tion-sharing activities. With respect to eval- 
uation, the position is that ‘‘local communities 
and counties must take the initiative to be- 
come involved in assessing, planning for, and 
mitigating socioeconomic impacts... .’’”6 


The process of evaluating impacts involves 
their classification as either positive or 
negative. This requires making value judg- 
ments about what is good or bad for particu- 
lar individuals, communities, regions, and the 
Nation. Often there are conflicts—what is 
seen as good for the Nation may entail diffi- 
culties for individuals or disruptions of com- 
munities. Additionally, what is judged as a 
positive impact for one group may appear as 
a negative one for a different group. 


The process is further complicated be- 
cause the basis for distinguishing positive 
from negative impacts is seldom clearly de- 
lineated, and the assumptions underlying the 


definitions of the two classes are rarely 
spelled out. As an illustration, concepts such 
as the “‘degradation of the quality of life’ are 
used; and a variety of indices, like an in- 
crease in the number of visits to a mental 
health clinic, are cited to support the finding 
of ‘‘degradation.’’ Yet there is hardly ever 
verification of the causal chain presumably 
linking rapid population influx to the indices 
and thence to perceived changes in the quali- 
ty of life. 


Finally, several of the most important 
boomtown consequences are hard to measure 
(for example, the ability of newcomers to ad- 
just to an established community); and the 
changes in the social structure may not be 
manifested immediately. A question that has 
not received great attention is whether the 
long-term basic changes are more important 
than the immediate ones occurring at the 
onset of a boom. 


The debates about oil shale development 
include conflicts involving these kinds of 
value judgments. On the one hand is the need 
for synthetic fuel production; on the other are 
the boomtown consequences for communities. 
Who participates in the definition of positive 
and negative impacts and in the resolution of 
the value conflicts that emerge is an impor- 
tant issue. At present, in Colorado, local 
groups play a large part in this evaluation. 
They identify the impacts they believe will af- 
fect their communities, decide which ones are 
severe enough to require corrective action, 
and participate in the decisions to allocate 
resources for mitigation. Federal programs 
designed to assist communities must recog- 
nize what has been done to date and face the 
issue of the allocation of responsibility for 
these decisions. 


Determining a Maximum Growth Rate 


How rapidly can the communities expand? 
How much growth can be accommodated be- 
fore a community breaks down? The social 
and economic impacts of oil shale develop- 
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ment will depend on the total number of new- 
comers, the rapidity with which they come 
into the area, the size of the industry's expan- 
sion, its location within the oil shale region, 
and the ability of the communities to prepare. 
The maximum amount of growth the different 
areas can accommodate without incurring 
boomtown consequences is a critical ques- 
tion. 


Attempts to determine a maximum rate 
have discovered that generalizations are dif- 
ficult to derive and that the capability to ad- 
just to rapid growth turns out to be highly site 
specific. Whether communities will suffer 
from rapid growth or take it in stride depends 
on a unique set of factors within each indi- 
vidual community, for example, the threshold 
when negative impacts outweigh positive 
ones. Since the positive and negative impacts 
may vary from one town to the next, estab- 
lishing this threshold is highly dependent on 
local conditions. In the past decade, identify- 
ing and measuring the social changes that ac- 
company rural energy development have re- 
ceived increasing attention. The results have 
been an expansion of the factual base de- 
scribing these changes, and a more system- 
atic framework for seeking to explain them. 
To date, however, there are neither sufficient 
facts nor theories to understand fully why 
one town becomes vulnerable to boomtown 
impacts but a similar one does not. 


No systematic study of the factors deter- 
mining a maximum growth rate is being car- 
ried out for the oil shale communities. The 
groups presently involved in growth manage- 
ment and planning would benefit from a de- 
termination of thresholds of growth for their 
individual communities and policymakers 
could use this information when considering 
the rate of future development. The popula- 
tion of the Colorado oil shale region was 
about 10,000 in 1977 and is projected to be 
about 14,000 by the end of 1980. OTA esti- 
mates that the communities could accommo- 
date up to 35,000 total residents during the 
period from 1985 to 1990. This assumes that 
construction of the new town of Battlement 
Mesa in Garfield County is started in the near 


future and that the existing communities can 
continue to improve their physical facilities 
and services. Boomtown symptoms could 
emerge at any time, however, if individual 
and social stress prevented adjustment to the 
growth. 


The Mitigation of Impacts 


Solving the problems of rapid growth in- 
volves local, regional, State, and Federal 
agencies. Questions about the role of the 
Federal Government fall into two categories: 


e the extent to which the Federal Govern- 
ment should be involved, and 
e the form the involvement might take. 


The first category raises the fundamental 
question of whether the Federal Government 
should be involved at all. The extent and 
nature of Federal involvement in impact miti- 
gation are controversial. On the one hand it is 
argued that social and economic impacts are 
State and local problems which should be 
viewed as the inevitable consequences of in- 
dustrial development. On the other hand is 
the position that national requirements are 
the root causes of the local impacts, therefore 
an expanded Federal role is appropriate. Sev- 
eral Western States have taken the stance 
that expanded domestic energy production is 
a national goal and thus, for reasons of equi- 
ty, the Federal Government should assume a 
more direct role in the alleviation of negative 
impacts from this development. 


The second category deals with the nature 
of Federal involvement. One position states 
that present programs are sufficient but that 
the amount of money they provide needs to be 
increased. Another is that Federal regulation 
could be used to mitigate impacts by, for ex- 
ample, pacing industry's growth rate through 
leasing policies. A third position is that the 
Government should be directly involved in 
mitigation programs that use Federal funds. 


The question of the effectiveness of mitiga- 
tion programs arises as well. Some observers 
contend that the success of oil shale mitiga- 
tion processes to date is proof of their effec- 
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tiveness. Others maintain that the processes 
have never been adequately tested because 
rapid, large-scale development has not yet oc- 
curred, and that existing programs could 
break down under such circumstances. Most 
questions about the effectiveness of the proc- 
esses relate to intrastate issues. For example, 
it can be questioned whether the legislative 
approach to disbursement of the Oil Shale 
Trust Fund deals adequately with the desires 
of the oil shale counties. The Federal Govern- 
ment could respond to such questions by, for 
example, providing funds directly to the com- 
munities. The desirability of such an action is 
a topic of current debate, however. 


Increased Federal assistance probably will 
be required if the region experiences sus- 
tained rapid growth. This could come about 
from accelerated oil shale development, but 
is more likely to be the consequence of com- 
bined growth from several industries. Aside 
from the planning efforts of CWACOG, which 
are limited to northwestern Colorado, no sys- 
tematic evaluation of the full range of effects 
from an increase in all types of industrial 
growth on the entire region is being under- 
taken. Thus, it is difficult to determine which 
types of Federal assistance might be the most 
productive. 


Policy Approaches 


Confronting the social and economic ef- 
fects of an expanding domestic energy indus- 
try involves policies for all parts of the Na- 
tion. Concern for the consequences of oil 
shale development, however, for the time 
being centers only on northwestern Colorado, 
east-central Utah, and southwestern Wyo- 
ming. In addition, although the impacts them- 
selves are basically similar regardless of the 
geographic region, the responses of particu- 
lar communities can differ significantly de- 
pending on the State and location involved. 
Flexible policies are best, given this situation. 
The following discussion is concerned with 
policies that bear most directly on the effects 
of a larger oil shale industry. 


Background 


The initial action responsible for consid- 
eration, in public policy decisions, of the so- 
cioeconomic effects of Federal projects was 
the National Environmental Policy Act of 
1969 (NEPA).” It requires Federal agencies to 
consider environmental factors in decisions 
involving “major Federal actions significantly 
affecting the quality of the human environ- 
ment.’’”® The broad wording of the Act has led 
to a considerable amount of litigation. In 
these court cases,”? NEPA has been inter- 
preted as granting authority for the imposi- 
tion of conditions to mitigate adverse social 
as well as environmental impacts. As a result 
of the litigation, and subsequent regulations 
issued under NEPA, socioeconomic consid- 
erations have of late received greater em- 
phasis in the preparation of EISs. 


The Coastal Zone Management Act 
Amendments of 1976 set up a program of 
assistance for communities experiencing im- 
pacts from Outer Continental Shelf (OCS) 
energy development. Loans, loan guarantees, 
and grants are available to States and com- 
munities where an energy facility planning 
process has been established under the 
Coastal Zone Management Act of 1972® 
(CZMA). Site plans must include the identifi- 
cation and mitigation of anticipated adverse 
impacts from OCS-related development. The 
program is tied closely to land use planning 
mechanisms that State and local governments 
are required to develop if they participate in 
the coastal zone management program. The 
impact assistance portion depends upon the 
initiative of the States in meeting the CAMA 
requirements; Federal involvement is there- 
fore indirect, in the sense that the policy 
makes Federal funding contingent upon the 
establishment of State and local land use 
planning processes. 


In March 1978, DOE published for the En- 
ergy Impact Assistance Steering Group a Re- 
port to the President—Energy Impact Assist- 
ance.” The Steering Group, composed of rep- 
resentatives from Federal, State, local, and 
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Indian Tribal governments, was established 
following a meeting of several Governors with 
the President in mid-1977. At that time the 
Governors expressed concern for potential 
adverse results from the 1977 National Ener- 
gy Plan. Four policy options were presented 
representing “‘different points along a con- 
tinuum ranging from minimal new efforts to 
undertaking major program reform and in- 
vestment of substantial new Federal funds.’’® 
(See table 104.) 


In an effort to pull together the various 
Federal programs that can assist communi- 
ties, the Region VIII FRC has created an 
Energy Impact Office. Its establishment was 
a direct response to recommendations of the 
National Governors Conference and of the 
General Accounting Office (GAO).** A GAO 
report, published in 1977, concluded that at 
that time the need for additional Federal as- 
sistance to impacted communities had not 
been demonstrated. Among its conclusions, 
the report stated: 


Rocky Mountain State and local govern- 
ments should be primarily responsible for 
providing facilities and services prior to or 
concurrent with population increases... 


It is not industry's responsibility to pro- 
vide the facilities and services needed be- 
cause of energy resource development. But 
industry does have a strong and continuing 
responsibility to communicate its plans to 
State and local governments, as soon as pos- 
sible, and to establish and maintain a con- 
tinuing liaison with these governments. 


The Federal Government should continue 
to provide some assistance . . . (but) the need 
for additional Federal assistance at this time 
has not been demonstrated. 


GAO believes there should be some assur- 
ances that impacted communities will re- 
ceive funds available to mitigate the socio- 
economic impacts of energy resource devel- 
opment.® 


A theme running through each of these 
Federal policy documents is that the Federal 
role regarding the social and economic ef- 
fects of energy development should be pri- 
marily indirect assistance. Examples are pro- 


viding funds to the States and improving the 
delivery of existing Federal programs (e.g., 
the establishment of a ‘‘one-stop shopping 
center’’ where local officials can go to deter- 
mine whether their towns are eligible for the 
many Federal programs already available). 


A recent departure from this theme is 
found in the Energy Impacted Area Develop- 
ment Assistance Program that was enacted 
in the Powerplant and Industrial Fuel Use Act 
of 1978 (sec. 601). This program, admin- 
istered by FmHA, is designed ‘‘to help areas 
impacted by coal or uranium development ac- 
tivities by providing assistance for the devel- 
opment of growth management and housing 
plans and in developing and acquiring sites 
for housing and public facilities and serv- 
ices.”’ The probability of greater Federal in- 
volvement in the direct amelioration of im- 
pacts is reflected in the amendments to the 
Powerplant and Industrial Fuel Use Act con- 
sidered during the fall of 1979. A review of 
the problems, legislative issues, and propos- 
als being considered by the 96th Congress is 
available in a Congressional Research Serv- 
ice (CRS) study titled Energy Impact Assist- 
ance: A Background Report prepared for the 
Senate Committee on Energy and Natural Re- 
sources.*’ 


In general, the Western States have 
adopted policies that supplement and fill gaps 
in Federal programs. Colorado provides 
funds, from Federal revenues and a State sev- 
erence tax, and technical assistance to coun- 
ties and towns with growth problems. The 
State’s position is that local initiative must be 
central in the mitigation process. As a result, 
sentiments are strong among leaders in Col- 
orado’s oil shale communities that local gov- 
ernment should play a significant part in the 
control and management of growth.” For a 
number of years, because of the delays in oil 
shale development, these leaders were skep- 
tical about its eventual occurrence; now they 
are fearful that a national crash program 
might ignore the plans that they have so care- 
fully laid and cause a population surge that 
the communities could not absorb. Utah has 
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Table 104.—Selected Policy Options, 1978 Report to the President 


Need areas 


Option A 


Expansion of industry role and 
modification/reprioritization of 
existing programs. 


Option B 


Enhancement of State, local, and 
Tribal capabilities through new 
initiatives and programs. 


Option C 

Modification and expansion of 
existing programs to assure 
greater Federal share of 
long-term costs. 


Information 


Participation in 
decisionmaking 


Planning and 
management 


Coordination of 
assistance pro- 
grams 


Financing 


Annual 
authorization 


Implementation of national energy Option A, plus have appropriate 


information systems by DOE 
with State/local/Tribal access 
to certain NEIS data. 
Encourage States to require in- 
dustry release of employment, 
population, and siting data for 
proposed projects as precondi- 
tion for receipt of certain State/ 
local permits (water, construc- 
tion, etc.) 


Continued ad hoc efforts by 
State/ local governments and 
Tribes to impact Federal deci- 
sion processes on energy re- 
source development and project 
siting. 


Conduct joint Federal/State/lo- 
cal/Tribal impact assessments. 

Provide Federal technical assist- 
ance and information to commu- 
nities which are now, or ex- 
pected to experience energy de- 
velopment. 

Increase funding under selected 
existing planning program by 
$20 million and target to energy 
impact areas. 


Expand the role of the Federal 
Regional Councils in coordinat- 
ing and packaging assistance 
funds to energy-impacted areas; 
make greater use of joint fund- 
ing authority. 


Modify requirements of selected 
existing programs to provide for 
eligibility and priority for funds 
to impact areas (within existing 
statutory limits). 

Increase funding of selected pro- 
grams by $30 million to offset 
reduction in funds for other pri- 
ority needs (e.g., urban pov- 
erty). 

Give priority to States, etc. 
securing industry cost-sharing. 

Possible amendment to Federal 
tax code to encourage prepay- 
ment of taxes by industry. 


$50 million 


SOURCE: Department of Energy, DOE/IR-0009, UC-13. 


Federal agencies give prior noti- 
fication to State/localities, and 
Tribes of BLM, OCS leasing 
plans, decisions and other data 
related to industry projects pro- 
posed to Federal agencies; im- 
prove conformance with NEPA 
and A-95 review processes. 


Issue Presidential Executive order 
requiring Federal agencies to 
provide for State/local/Tribal in- 
volvement in all energy develop- 
ment decisions affecting their 
jurisdictions, and to provide for 
consideration of the findings of 
the impact assessment teams 
prior to final decisions. 


Option A, except incorporate new 
planning monies into proposed 
comprehensive State energy 
planning and management bill, 
and specifically target new 
funds to support State/local/ 
Tribal participation on assess- 
ment teams and ongoing im- 
pact-related capabilities. A set- 
aside of funds for Tribes would 
be provided. Also, bonus funds 
for States with energy facility- 
siting mechanisms. 

Option A, plus designate DOE as 
lead agency to oversee and sup- 
port coordination of programs at 
the regional level through an in- 
teragency board. 


Establish Federal loan and loan- 
guarantee programs in EDA with 
forgiveness provisions and com- 
petitive interest rates to be used 
by States, communities, and In- 
dian Tribes ($75 million). 


Fund sec. 306 of the proposed 


Coal Conversion Act ($60 mil- 
lion). 


Give priority to States, etc., with 


energy facility-siting mecha- 
nisms. 


$160 million 


Option B, plus establishment 
by DOE of a new information 
system to gather and dis- 
seminate impact assistance 
related data from energy de- 
velopers ($1.5 million). 


Option B, plus establishment 

of due process mechanism to 
review appeals of Gover- 
nors/Tribal officials. 


Option B, plus require all 
Federal energy decisions to 
be compatible with approved 
State impact mitigation 
Strategies. 


Option B, plus issue Execu- 
tive order mandating appro- 
priate Federal agencies to 
support FRC efforts and to 
give priority consideration to 
funding requests channeled 
through this mechanism. 


Option B, plus increase EDA 
funds by additional $50 mil- 
lion and authorize grants as 
well as loan/quarantees. 
($125 million plus $60 mil- 
lion for 306). Priority to 
States, etc., with increased 
commitment of State/local/ 
Tribal revenues and facility- 
siting procedures. 


Suboption 

Consolidate Coastal Energy 
Impact Program and sec. 
306 program into EDA to 
create single, flexible pro- 
gram to meet infrastructure 
needs in all States. 


$212 million 


Option D 


New Federal grant program 
to pay long-term costs. 


Option C. 


Option C. 


Option B. 

e Establish Federal/State 
assessment teams as 
specified. 

Federal assistance to 
State to develop facility- 
siting mechanisms and to 
provide initial and sec- 
ond-round planning 
grants ($15 million). 
Federal compatibility re- 
quirement. 


The Federal agency desig- 
nated as the lead assess- 
ment agency would be re- 
sponsible for coordinating 
all relevant Federal pro- 
grams. 


Establish a new program to 
provide grants to the 
States for: 

—State revolving funds 

($200 million) 

—Highways construction 
and railroad grade sepa- 
rations. 

—Mismatches ($10 million) 
(Interstate and State/ 
Tribal) 

—Loan guarantees ($15 
million). 

Fund housing support in 
sec. 306 but expand and 
augment to cover energy 
facility construction and oil 
shale development ($60 
million). 


$300 million 
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been faced with rapid growth from coal and 
uranium development, and has not planned 
extensively for oil shale activities. The State 
created a Community Impact Account in 1977 
to provide loans and grants to areas impacted 
by mineral resource development. Because it 
is the only funding source in the State de- 
signed to respond to problems associated 
with energy development, requests for help 
have far outstripped the available monies. 
Wyoming does not anticipate consequences 
from shale development in the near future. 
The State has an array of mitigation pro- 
grams dealing with other energy industry im- 
pacts that could be adapted to growth prob- 
lems from accelerated oil shale activities. 


Evaluation of Existing Policies 


The diverse nature of present policies, Fed- 
eral and State, makes their overall evaluation 
difficult. State policies vary: Colorado places 
emphasis on local initiative and advocacy, 
whereas Utah and Wyoming emphasize more 
centralized State determination of needs and 
allocation of funds. At the present time, there 
is no single Federal policy with respect to the 
social and economic effects of energy produc- 
tion. Some programs are operating that ad- 
dress certain aspects of these effects but, at 
present, none speaks directly to the general 
impacts that may come with synthetic fuel de- 
velopment nor to the specific effects of accel- 
erated shale oil production. A limited amount 
of assistance is available through avenues 
not specifically designed to deal with energy 
development impacts, but these Federal pro- 
grams each have different emphases and 
modes of providing help. While they may be 
adequately fulfilling their policy mandates, 
the specific nature of the mandates means 
that the entire range of problems is not being 
addressed. Additionally, even though steps 
have been taken to consolidate the frag- 
mented nature of Federal programs, effective 
implementation of a more uniform set of prac- 
tices has yet to reach the oil shale commu- 
nities. 

An increasing recognition of the problems 
caused by national energy decisions has led 


to several reviews of existing policies and to 
suggestions of ways to achieve a more unified 
policy. Congress has had before it proposals 
for a comprehensive inland energy impact as- 
sistance program, but to date none has been 
enacted. Up to the present, return to the 
States of portions of the lease, rental, and 
bonus payments for development on Federal 
lands has been the major Federal contribu- 
tion to mitigation efforts. 


Colorado has an ambitious set of policies 
and programs to assist with impact mitiga- 
tion. Overall, these efforts have been suc- 
cessful in helping the oil shale counties and 
municipalities to get ready for shale develop- 
ment. The ability of existing policies to deal 
with a large or sudden population influx, 
such as might occur with the rapid expansion 
of the oil shale industry, is as yet untested. 
The uncertainties about the specific growth 
of the industry make it difficult to evaluate 
whether any policies—Federal or State—will 
be adequate to deal with the effects of rapid 
expansion of the industry. 


Approaches to Impact Mitigation 


There are three approaches available to 
Congress when considering the social and 
economic effects of oil shale development. 
The impacts can be viewed: 


e as part of the consequences of all kinds 
of energy development; 

e as an aspect of specific energy initia- 
tives; or 

e as the result only of shale development. 


From the perspective of the first approach, 
oil shale impacts would be included along 
with the problems accompanying all domestic 
energy efforts. As noted above, Congress has 
recently considered bills providing compre- 
hensive assistance for these problems, and 
programs for oil shale could be in such legis- 
lation. The second approach would place 
shale impacts along with those from other 
major national efforts. Proposed amendments 
to the Powerplant and Industrial Fuel Use Act 
of 1978 are illustrative. These amendments 
are directed to the adverse effects of major 
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energy developments, which could include oil 
shale. They authorize grants, loans, loan 
guarantees, and payments of interest on 
loans, and propose an expediting process for 
present Federal programs as well as an inter- 
agency council to coordinate Federal assist- 
ance. The third approach sees the effects as 
the result of oil shale development alone. In 
this case, specific language dealing with so- 
cioeconomic impacts could be included in 
bills providing for the development of oil 
shale resources. 


Regardless of the approach adopted for oil 
shale, there are three options that Congress 
can consider to address social and economic 
impacts. 


CONTINUATION OF PRESENT PROGRAMS 


Under this option, Federal assistance 
would continue to emphasize revenue sharing 
and technical assistance. Funding through 
existing channels, such as the Mineral Leas- 
ing Act, as amended, would be the major 
mechanism. Certain other existing Federal 
programs, not now designed to deal specifi- 
cally with socioeconomic impact mitigation, 
could be redirected. For instance, EPA water 
and sewer grants could be accelerated, with 
additional appropriations made available 
and limited to impacted communities. Restric- 
tions on existing programs could be modified. 
An example is Federal housing programs, 
now restricted to projects for low- and 
moderate-income families, that could be pro- 
vided to rural communities undergoing rapid 
growth regardless of local income levels. 


The advantages of this option are that it 
would require only minor adjustments to ex- 
isting laws. Mechanisms for delivery are 
already in place. Flexibility would be main- 
tained since the focus would be on already 
established programs designed to meet a va- 
riety of needs. The disadvantages include the 
possibility that the amount of aid might not be 
adequate to meet the demands of severely im- 
pacted communities. In this case, appropria- 
tions would have to be increased for some 
programs now being held at particular fund- 


ing levels. The fragmentation of programs, 
now viewed by some States and localities as a 
barrier to efficient delivery of Federal aid, 
probably would not be reduced. 


INCREASED FEDERAL INVOLVEMENT IN 
GROWTH MANAGEMENT 


This option would emphasize regulation. 
Present Federal revenue sharing would con- 
tinue. Several possibilities exist for increased 
growth management participation. Consid- 
eration of social and economic effects on ad- 
jacent communities could be made a part of 
executive agency criteria when selecting 
Federal lands for energy mineral leasing. In 
this case, given natural resource deposits of 
approximately equal value, leases would be 
made available only in areas where the socio- 
economic impacts could be minimized. Also, 
the number and timing of leases could be ad- 
justed to take into account the ability of near- 
by communities to absorb growth. Finally, the 
lease provisions could include mandatory 
participation of lessees in mitigation efforts. 


Greater involvement of Federal agencies in 
monitoring socioeconomic impacts and in pro- 
viding assistance to mitigation efforts is 
another alternative. For example, the regula- 
tory activities of the Area Oil Shale Super- 
visor’s Office could be expanded to include 
monitoring social and economic indices in off- 
tract communities. Attention could be given 
to difficulties not now being systematically 
faced, such as interstate jurisdictional prob- 
lems between Utah and Colorado. The Region 
VII Energy Impact Office could have a field 
representative permanently stationed in oil 
shale country to provide the services of FRC 
locally. This representative could provide 
technical assistance to area planners and 
could address problems they are too busy to 
consider now, such as anticipating the post- 
boom period. Increased technical assistance 
could also address the problems of defining 
and identifying boomtown conditions. A de- 
termination of the maximum growth commu- 
nities could sustain without experiencing 
severe disruption would be valuable for pol- 
icymakers at all levels. 
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Identifying and evaluating social and eco- 
nomic impacts, determining a maximum 
growth rate for specific sites, and coor- 
dinating Federal programs are needed in all 
parts of the country experiencing energy- 
related growth. Thus, actions to deal with 
these problems would be of nationwide value. 
For this reason, R&D could be undertaken by 
any of several agencies on a national basis, 
and would not necessarily have to be limited 
to the oil shale region. 


Among the advantages of this option is that 
it would supplement existing mitigation pro- 
grams already established by local and re- 
gional entities. It would provide a link be- 


tween Federal decisionmaking bodies and. 


State and local agencies responsible for 
growth management. Access to Federal pro- 
grams would be enhanced. Among the disad- 
vantages are the increased bureaucracy 
needed to implement the option, and the pos- 
sibility that local individuals would perceive 
the Federal efforts as increased infringement 
on their lives. Energy development companies 
would most likely object to additional lease 
restrictions and to required participation in 
mitigation programs. Executive agencies 
might find implementation burdensome. 


EXPANSION OF FEDERAL PROGRAMS FOR 
IMPACT MITIGATION 
Under this option, programs already 
enacted would be expanded or new ones 


adopted. The Powerplant and Industrial Fuel 
Use Act of 1978, section 601 program, is the 
obvious candidate for extension. Under this 
Act,® Federal assistance was provided for 
areas experiencing rapid growth from coal or 
uranium production. The assistance is aimed 
at improved planning for growth manage- 
ment, and for land acquisition for housing 
and public facilities development. Expansion 
of the program would include areas affected 
by growth from industries other than coal 
and uranium producers, and could encom- 
pass a wider range of problems than growth 
management planning and land acquisition. 
A bill to expand the section 601 programs is 
currently under consideration. * 


The advantages of this option are that it 
expands an already existing program. The 
mechanisms for implementation are in place 
and have already been operating under the 
present law. Disadvantages include the need 
for increased appropriations to fund the vari- 
ous elements of the program and expansion of 
the Federal bureaucracy to carry out the 
Act’s provisions. Some flexibility may be lost 
as uniform standards are applied to all States 
wishing to participate in the expanded pro- 
gram. 


*901699: 
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1980 Oil Shale Trust Fund Request 

1979 Oil Shale Trust Fund Request 

Housing Plan for Meeker, Colorado, 1979 

Northwest Supplemental Report—A Supple- 
ment to the Northwest Colorado Coal Regional En- 
vironmental Statement, Colorado 

Development Guide for Meeker, Colorado—A 
Working Draft 

Development Guide for Rifle, Colorado—A 
Working Draft 

CWACOG New Housing Unit Needs, 1979 

Rifle Needs Assessment 

Meeker Five Year Capital Improvements Needs 

Grand Valley School District No. 16—Esti- 
mated Needs 1980 - 1985 

Meeker School District RE-1 Projected Needs 

Meeker Regional Library Projected Needs 

Pioneer Hospital, Rio Blanco County, Projected 
Needs 

Five Year Capital Improvements Projection— 
Rio Blanco Criminal Justice 

Rangely District Hospital Projected Needs 

Colorado Northwestern Community College 
Long Range Plan 

Grand River Hospital District 

Rifle—Water Facility Needs (1980 - 1984) 

Garfield County School District (Projected 
Needs) 

Silt Projected Needs 

Roaring Fork School District RE-1—Five Year 
Needs Assessment/Capital Improvements Plan 
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Valley View Hospital Needs Assessment 

‘Personal communication, Dan Deppe (city 
manager) to Dr. Donald Scrimgeour and Miss 
Ellen Hutt, July 1979. 

‘Donald P. Scrimgeour and Marilyn Cross, De- 
velopment Patterns and Social Impacts: A Focus 
on the Oil Shale Region (Denver, Colo.: Quality De- 
velopment Associates, July 1979). 

Discussion with Mr. Floyd McDaniel, Chair- 
man, Planning Commission, Grand Valley, August 
1979. 

‘Personal communication, Peter Kernkamp 
(town planner) to Dr. Donald Scrimgeour and Miss 
Ellen Hutt, July 1979. 

‘Personal communication, Bob Young (town 
manager) to Dr. Donald Scrimgeour and Miss 
Ellen Hutt, July 1979. 

*‘-Department of the Interior, Draft Environmen- 
tal Statement: Proposed Superior Oil Company 
Land Exchange and Oil Shale Resource Develop- 
ment (Denver, Colo.: BLM, August 1979) pp. 77-90. 

6Supra No. 50. 

7Supra No. 67. 

Supra No. 64. 

72Supra No. 67. 

73Personal communication, Mr. William Bren- 
nan to OTA, January 1980. 

Ibid. 


63-898 O - 80 - 31 


Supra No. 68. 

7*Supra Nos. 47 and 48. 

7783 Stat. 852 (1970), as amended by 89 Stat. 
424 (1975), 42 U.S.C. 4321-4347. 

Ibid. 

7See, for example, Calvert Cliffs’ Coordinating 
Committee, Inc. v. U.S. Atomic Energy Commission, 
449 F.2d 1109 (D.C. Cir. 1971), cert. denied, 404 
U.S. 942. 

#90 Stat. 1013 (1976), 16 U.S.C. 1451-1464. 

8186 Stat. 1280 (1972), 16 U.S.C. 1451-1464. 

®Supra No. 38. 

8Tbid., pp. 59-81. 

*Rocky Mountain Energy Resource Develop- 
ment: Status, Potential, and Socioeconomic Issues 
(Washington, D.C.: GAO, July 1977), EMD-77-23. 

®[bid., pp. 5-7. 

Supra No. 45. 

*’7Energy Impact Assistance: A Background Re- 
port, printed at the request of the Committee on 
Energy and Natural Resources, U.S. Senate, 96th 
Cong., ist sess., October 1979 (publ. No. 96-34) 
(committee print). — 

®For a spirited elucidation of this position, see 
Raymond L. Gold, ‘‘On Local Control of Western 
Energy Development,” The Social Science Journal, 
vol. 16, No. 2, April 1979, pp. 121-127. 

*Supra No. 45. 
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APPENDIX A 


Description and Evaluation of the Simulation Model 


To evaluate quantitatively the alternative in- 
centives, a computerized model was used, devel- 
oped by Tyner and Kalter’ that captures the prob- 
abilistic attributes of the oil shale development 
process through Monte Carlo simulation tech- 
niques. The core of the model is a discounted cash 
flow algorithm computing the aftertax profit. 

In computing aftertax profit, the model uses a 
conventional discounted cash flow algorithm in 
which the net cash flow for each year (i.e., reve- 
nues less costs and taxes) is discounted to the be- 
ginning of the project. These discounted cash 
flows are then summed to arrive at the aftertax 
net profit. 

With the model, the user can input probability 
distributions of prices and costs instead of single 
value estimates. The model then constructs a 
probability distribution for aftertax profits using 
the Monte Carlo method. With this method, the 
model makes repeated runs in which profit is cal- 
culated. In each run the model randomly selects 


values from the input distributions. The resulting 


profit calculations are then cumulated into prob- 
ability distributions characterized by an expected 
value and standard deviation. The expected value 
gives the average profit for all the Monte Carlo 
runs and the standard deviation provides a meas- 
ure of dispersion or variation about this average 
value. The model also totals the number of Monte 
Carlo runs that results in positive profits and 
plots a histogram of the frequency distribution of 
the profit outcomes. From this output the user can 
compute the probability that a loss will be in- 
curred. 

Although the model was designed to test the ef- 
fects of alternative mineral leasing systems on 
profits and Government revenues, it incorporates 
several financial incentives, including construc- 
tion grants, price supports, purchase agreements, 
investment tax credits, depletion allowances, and 
variable depreciation schedules. Indeed, its au- 
thors used an earlier version to evaluate the ef- 
fects of some of these incentives on the profitabili- 
ty and risk of oil shale development.’ 

However, because the model was not designed 
specifically to test incentives, it has several lim- 
itations. First, it does not provide for inflation in- 
dexing of the floor price under a price support 
program. Thus, if the user inputs nominal (i.e., 
gross of inflation) values into the model, the real 
(i.e., net of inflation) floor price will decline over 


time. Alternatively, the user can input all real val- 
ues (as OTA did) which implicitly indexes the 
floor price. However, this solution causes some 
distortion in the tax calculations. With inflation, 
income increases in nominal value, but the 
amount of depreciation deducted for tax purposes 
remains constant. Thus, in real terms, the value of 
depreciation decreases with inflation. However, 
since the model does not account for this real de- 
crease when the user inputs all real values, the 
model underestimates the amount of tax pay- 
ments. This distortion was not considered serious, 
given the short depreciation period and the higher 
fraction of depreciation claimed in early periods. 

Second, the model has a limited capability with 
respect to purchase agreements. To model a pur- 
chase agreement for the entire production, the 
user can input the purchase price in place of the 
market price for oil. However, the model cannot 
directly handle purchase agreements for only a 
portion of the output in a given year. To evaluate 
a partial purchase agreement, the user must per- 
form offline calculations to obtain an average of 
the market and purchase agreement prices, 
weighted by the proportion of output sold for each 
price. A similar calculation must then be per- 
formed for the standard deviation of the price 
distribution. 

Third, the model has no capability to simulate 
the effects of production tax credits. It does allow 
for a price subsidy, but this subsidy is not a tax 
credit. Unlike a tax credit, the subsidy increases 
taxable income and hence income tax payments. 
Because of this limitation, the model was not used 
to perform the necessary calculations for the 
$3/bbl tax credit. To estimate the increase in ex- 
pected profit, the per barrel tax credit was multi- 
plied by each year’s production. The total annual 
credits were than discounted to the present and 
summed. The same procedure was used to calcu- 
late the expected cost to the Government, except 
that the Government discount rate was used in 
the calculation. To evaluate the effect on risk, it 
was assumed that the standard deviation would 
not change as a result of the tax credit. This 
assumption follows because the tax credit does 
not alter costs or prices; these alterations deter- 
mine the standard deviation. Because the stand- 
ard deviation is the same for the tax credit as it is 
with no incentive, it was possible to transform the 
histogram computed for the no-incentive case into 
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a histogram for the production tax credit case. 
With this new histogram an estimate could be 
made of the percentage of cases falling below the 
zero profit level. Finally, the breakeven price was 
calculated by subtracting the production tax 
credit from the breakeven price with no incentive. 

Fourth, the model is not able to simulate the ef- 
fect of low-interest loans. Although the user could 
adjust the discount rate downward to account for 
the low-interest loan, this method has several limi- 
tations because it fails to account for all the terms 
of the loan. In particular, this method is not sen- 
sitive to the time when the loan is received and 
the time when it must be repaid. Moreover, the 
approach is based on very restrictive and unreal- 
istic assumptions about the structure of debt fi- 
nancing for the project.* 

Accordingly, the model was not used to perform 
the calculations for the low-interest loan. The 
steps for the low-interest loan computations are 
referenced in table A-1. The actual cash flows 
(both loan payments and repayments) to the firm 
were set up based on the Government’s lending 
rate and the structure of the loan. These cash 
flows were then discounted using the borrowing 
rate for the firm on the open market (assumed to 
be 3-percentage points higher than the Govern- 
ment lending rate). A similar calculation was per- 
formed to estimate the expected cost to the Gov- 
ernment. As with the production tax credit, it was 
assumed that the standard deviation of the distri- 
bution of profits would not change, since the loan 
does not alter any of the costs or prices in the 
model. With the estimated mean for the profit 
distribution and the standard deviation, the histo- 
gram of profit distribution from the no-incentive 
run was subsequently used to estimate the prob- 
ability of a loss. The price increment was then 
computed, which, when multiplied by the produc- 
tion for each year, yielded a discounted value 
equal to the estimated increase in expected prof- 
its. The price increment was then subtracted from 
the breakeven price with no incentive to yield the 
breakeven price under the low-interest loan pro- 
gram. 

Finally, the model does not directly calculate 
the net cost to the Government. However, if the 
Government and the firm use the same discount 
rate, the cost to the Government exactly equals 
the gain in expected profit to the firm calculated 


Table A-1.—Calculating Change in Expected Profit and Cost to 
the Government for a Low-interest Loan 


Assumptions 

e The average total construction cost is $1.7 billion 

e 70 percent of one-fifth of the total construction cost, $238 million, is 
loaned at the end of each of the 5 years of construction 

Interest is calculated on the principal from the moment the first loan is 
made 


¢ The loan principal plus interest is amortized over 20 years 
e The interest rate is 3 percent in real terms 
¢ The firm's market borrowing rate is 6 percent in real terms 
e The Government's discount rate is 10 percent in real terms 
Calculations 
Result 
Step ($ million) 
1. Calculate annual loan amounts (1,700 x .7x.2)....... 238/yr 
2. Calculate the future value in year 5 of five payments of 
$238.00 (3-percent interesi)................_... 1,264 
3. Calculate the annual principal and interest payment to the 
Government (years 6-25) based on the future value in 
sien 25 perceml mieesi)". oo ee ee 85/yr 
4. Calculate the present value to the firm in year 5 of the 
payment from step 3 (6-percent interest) ........._. 974 
9. Calculate the present value to the firm in year 0 of the 
value from step 4 (6-percent interest).............. 726 
6. Calculate the present value to the firm in year 0 of the 
annual loan amount from step 1 (6-percentinterest).... 1,003 
7. Calculate the change in profit for the firm (1,003-726) . . 277 
8. Calculate the present value to the Government in year 5 of 
the payment from step 3 (10-percent interest)........ 723 
9. Calculate the present value to the Government in year 0 of 
the value from step 8 (10-percent interest) .......... 448 
10. Calculate the present value to the Government in year 0 of 
the annual loan amounts from step 1 (10-percent 
mieresh Se bc eee. ee ee eee 401 
11. Calculate the net cost to the Government (901-448) _. . . 453 


SOURCE: Office of Technology Assessment. 


by the model. This is so because, except for small 
tax payments to State governments, all the mone- 
tary exchanges occur between the Federal Gov- 
ernment and the firm. If the discount rates are the 
same, the present value of the exchanges to both 
entities is the same. Therefore, since a 10-percent 
Government discount rate has been assumed, the 
net cost to the Government of each incentive is 
equal to the net gain in profitability to the firm 
calculated at a 10-percent discount rate. The only 
exception occurs with the Government loan. Be- 
cause it has been assumed that the real interest 
rate on debt financing for firms is less than 10 
percent, the present value to the firm of the low- 
interest loan is less than its cost to the Govern- 
ment. 
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APPENDIX B 
Assumptions and Data for Computer Analyses 


Most of the assumptions used in the computer simulation analyses are embodied in 
the input data displayed in table B-1. All cost and price data in the exhibit are in constant 


1979 dollars. 
Table B-1.—Data Used for Quantitative Analysis 
Data item Value used Explanation 
Costs 
Capital cost distribution: 
Maximum capital cost...... $2.0 billion The capital cost data apply to all the capital equipment needed to mine and retort shale and hydro- 
Most probable capital cost. . . $1.7 billion treat the raw shale oil product; the costs do not include land acquisition or interest Charges. Data 
Minimum capital cost...... $1.4 billion were based on recent industry cost estimates. 
Operating and maintenance 
(O&M) cost distribution: 
Maximum O&M cost....... $17/bbl Operating costs include hydrotreating costs. Data were based on recent industry cost estimates. 
Most probable O&M cost... . $12/bbI 
Minimum O&M cost....... $ 9/bbI ; 
Operating costincrease...... 4percent/year Operating costs were assumed to increase 4 percent per year in real terms (i.e., net of inflation) 


to account for probable increases in labor costs due to expansion of shale industries in sparsely 
populated areas. Assumption was based on expectations expressed to OTA by industry sources. 
Construction period......... 6 years A 6-year construction period (i.e., a 1-year delay between the fourth and fifth years) decreased 
expected profits by $117 million for the no-incentive, 12-percent discount rate case. 
Fraction of costs occurring each 
year during construction: 


Vida rls tee te eek Sone 10 

NAELACRY, eee lat cee 2 25 

NACL eMart na diss pa eke 30 

NACE LN Rt BAM) eB oe Ani 25 

V Ga iO i epnnene Pa tN on 00 

YeaOb peewee nes. carnt. | 10 
Prices 
Initial oil price (1979) ....... $35/ bbl Based on the price of imported oil, which at the time of the analysis ranged from $33 to $37/bbl. 
Mean annual oil price increase . 3 percent The assumed 3-percent real increase in oil prices accounts for increasing scarcity as cheap do- 


mestic supplies are exhausted, and is midway in the range (2-4 percent) used by DOE planners. 
Standard deviation of annual oil = 


price change distribution . . 3 percent Based on historical trends from the American Petroleum Institute, Basic Petroleum Data Book, 

1976. 

Taxes and transfers 

Federal corporate tax........ 46 percent Current Federal corporate income tax rate. 

State corporate tax ......... 3 percent Colorado corporate income tax rate. 

State severance tax......... 4percent Colorado severance tax on oil shale reserves. 

Investment tax credit........ 10 percent —_ Investment tax credit of 10 percent applies to all investments: an existing additional 10-percent 
credit for energy-related investments was ignored because it is to expire in 1982. 

Depletion allowance ........ 15 percent Depletion allowance computed on oil shale revenues and deducted from taxable income. 

OVARY Vetch ce aos eat a a 1 percent Current royalty is 12.5 cents per ton of mined shale: this is equivalent to a royalty on oil revenues 
of less than 1 percent. 

Depreciation lifetime ........ 12 years Based on discussions with industry sources. 

Anniualiinent tu: &oirea i aie $2,600 Based on a 50-cent-per-acre rent on Federal shale leases of 5,200 acres. 

Depreciation method........ Sum-of-years Provides the most rapid tax writeoff. 


digits with switch- 
over to straight 


line 

Production 
Maximum output of facility ... 50,000 bbl/d Size of typical commercial facility. 
Production lifetime ......... 22 years Based on production lifetime of 20 to 30 years in industry cost estimates. 
Annual output 

NOAiM cas enwsees stan ata 15,000 bbi/d 2-year buildup accounts for probable Startup difficulties. 

Y BANE Ha st Sete te Cae 35,000 bbli/d 

YOANS 3 TO 2 eace scarce 50,000 bbi/d 


ail monetary values in constant 1979 dollars. 
SOURCE: Office of Technology Assessment. 
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APPENDIX C 


Oil Shale Water Pollutants 


Introduction 


The types and amounts of water contaminants that are likely to be produced by ma- 
jor kinds of oil shale facilities are discussed here. 


Water Pollutants Produced by Major Oil Shale Processes 
Types and Origins of Pollutants 


e Dissolved inorganics will be found in mine 
drainage water and retort condensates be- 
cause these streams leach sodium, potassi- 
um, sulfate, bicarbonate, chloride, calcium, 
and magnesium ions from the shale that they 
contact.’ In addition, some inorganics vola- 


The following summarizes the major sources of 
each class of waterborne contaminants found in 
oil shale facilities. 

¢ Suspended solids will occur primarily in 


water from the dust-control systems used in 
shale mining and crushing operations. Mine 
drainage water will also contain suspended 
solids, as will a retort condensate stream 
that picks up fine shale particles as it 
trickles down through the broken shale. In 
aboveground retorts, some fine shale may be 
entrained in the retort gas and captured in 
the gas condensate, but levels should be low, 
thus should not be a problem to treat. Cooling 
water will pick up dust from the atmosphere, 
particularly if the cooling tower is near a 
shale crushing or disposal site. Precipitated 
salts and biological matter may also be pres- 
ent in the cooling tower blowdown. 

Oil and grease will be present in the retort 
condensate water that is removed from the 
in situ retort together with the product oil. 
Some oil remains in the water after product 
recovery and must be removed prior to fur- 
ther treatment. Part of the oil forms an emul- 
sion in the water and its removal may be dif- 
ficult.! Volatile hydrocarbons leave with the 
retort offgas and condense in the gas conden- 
sate water. Tests indicate that the oil in the 
gas condensate occurs in well-defined drop- 
lets that can be separated without difficulty.’ 
Oils in the coker and hydrotreater conden- 
sates are expected to be similar to those in 
the gas condensate. 

Dissolved gases include all of the NH; and 
some of the CO, and H.S formed in the retort- 
ing process. These gases dissolve in the re- 
tort and gas condensates. Any NH; and H25 
that are formed during upgrading will ap- 
pear in the hydrotreater condensates. 


tilize and may be captured from the gas 
phase in the retort. Of the heavy metals pres- 
ent in raw oil shale, cadmium and mercury 
(probably as their respective sulfides) are ex- 
pected to be present in the gas condensate in 
low concentrations.’ An analysis of TOSCO II 
gas condensate water showed the presence 
of cyanide, sodium, calcium, magnesium, sili- 
ca, and iron ions, with only trace amounts of 
some of the heavy metal elements.° 

Dissolved organics arise largely from the or- 
ganic compounds in the raw oil shale, which 
may be altered during pyrolysis and end up 
in the retort, gas, or hydrotreater conden- 
sates. The types of organics in each conden- 
sate will probably depend on the volatility 
and solubility of the organics and the tem- 
perature at which the wastewater is con- 
densed. No data are available on this subject 
but it is known that a wide range of com- 
pounds, particularly carboxylic acids and 
neutral compounds, can be expected.’ Many 
of the individual compounds should be biode- 
gradable, but studies have shown that less 
than 50 percent of the organic matter can be 
removed by conventional biological oxida- 
tion. This poor performance is attributed to 
the effect of toxic compounds on waste-treat- 
ment bacteria. Both inorganic and organic 
toxic substances may be responsible. The 
specific types of toxic pollutants will differ 
with the retorting process and with raw 
shale composition.’ °° 

Trace elements and metals are not expected 
to occur in large concentrations in the major 
waste streams except those streams dis- 
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cussed under dissolved inorganics.° " ” 
Chromium was used for corrosion control in 
older cooling-water systems but other agents 
are now available and should be used to 
avoid the problem of chromium contamina- 
tion of blowdown streams. If trace element 
and metal removal is required, chemical 
treatment, specific ion exchange, and mem- 
brane processes are available. 

e Trace organics are toxic or hazardous or- 
ganic compounds present in low concentra- 
tions. They may occur in the retort and gas 
condensate streams and in the wastewater 
stream from the upgrading section. These 
constituents can generally be removed to- 
gether with other dissolved organics by ul- 
trafiltration with carbon adsorption for final 
cleaning (‘‘polishing’’). 

e Toxics, including carcinogens, mutagens, 
priority pollutants, and other hazardous sub- 


stances, have been reported for various 
types of oil shale processing wastes. Any tox- 
ic substances present in the wastewater 
streams will be removed along with the trace 
organics or inorganic substances. It is not ex- 
pected that thermal oxidation, which is often 
employed to destroy hazardous. organic com- 
pounds, will be required for the wastewater 
streams, although it may be considered for 
concentrates or sludges. However, the pres- 
ence of toxic substances may interfere with 
biological oxidation processes used for bulk 
organic removal. If this is a problem, the 
substances could be removed in any of sever- 
al conventional pretreatment steps. 


¢ Sanitary wastes in ‘‘domestic’’ and service 
waste streams can be kept separate and 
treated in commercially available package 
biological treatment units. 


The Amounts of Pollutants Produced 


Table C-1 indicates the principal contaminated 
process streams and their flow rates for four 
commercial-scale (50,000 bbl/d)* oil shale facil- 
ities. These facilities correspond to the plants for 
which water requirements are estimated in chap- 
ter 9. The “aboveground direct” plant uses di- 
rectly heated aboveground retorts like the Paraho 
direct or gas combustion. The ‘aboveground in- 
direct’ uses indirectly heated retorts like TOSCO 
II. It is similar to the design proposed by Colony 
Development. The ‘‘MIS’’ plant uses Occidental’s 


*Barrels per stream day. 


MIS process. It is similar to the design proposed 
by Occidental and Tenneco for tract C-b. The 
‘‘MIS/aboveground”’ plant combines Occidental’s 
MIS process with Lurgi-Ruhrgas indirectly heated 
aboveground retorts. It is similar to Rio Blanco’s 
design for tract C-a. 

The flow rate estimates were derived from 
tables 71, 74, and 75. (See ch. 9.) Estimates have 
been added for the internally recycled gas wash- 
ing and hydrotreater wash streams that were not 
considered in chapter 9. (The water availability 


Table C-1.—Flow Rates of Contaminated Streams in Oil Shale Facilities 
Producing 50,000 bbi/d of Shale Oil Syncrude (acre-ft/yr) 


Aboveground Aboveground 
direct indirect MIS MIS/aboveground 

Cooling tower blowdown ...... 1,550-1,820 1,320-2,070 1,040-1,280 910-1,130 
Boiler blowdown............ 325 370-405 370 350 
Boiler feedwater treatment wastes 165 190-210 185 180 
Gas washing condensate ...... 1,070-1,190 (a) 3,320-3,640 2,270-2,500 
Gas condensate (net)......... 490-540 730-800 2,160-2,370 1,480-1,630 
Retort condensate........... (a) (a) 1,240-1,370 850-940 
Coker condensate........... 60 60 60 60 
Hydrotreater wash condensate . . 875 875 875 875 
Net hydrotreater condensate. .. . 40 40 40 40 
Excess mine drainage ........ (a) (a) 0-10,000 0-10,000 


4Neglected for processes, designs, or sites considered. 


SOURCE: R. F. Probstein, H. Gold, and R. E. Hicks, Water Requirements, Poll 
dustry, prepared for OTA by Water Purification Associates, October 1 


ution Effects, and Costs of Water Supply and Treatment for the Oil Shale In- 
979. 
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analysis presented there deals only with streams 
that cross the project boundaries.) These addi- 
tional streams are of significance for water quali- 
ty analysis because they contain all of the NHs, 
most of the CO., and some of the H.S that is re- 
moved from gas streams in the plants. Flow rate 
ranges are shown in some cases to account for the 
expected variations in shale grades and plant de- 
signs, as discussed in chapter 9. The following 
points should be noted with respect to the flow 
rate estimates. 

¢ Cooling tower blowdown varies substantially 
among the plants, largely because of differ- 
ent modes of power generation. 

e Boiler blowdowns are fairly uniform because 
it is assumed that boilers will generate steam 
for use in the upgrading units, which are 
identical for all four plants. 

e For the same reason, all four plants have the 
same flow rates for coker condensate, hydro- 
treater wash condensate, and net hydro- 
treater condensate. 

e Excess mine drainage is indicated for the 
MIS and MIS/aboveground plants because it 
was assumed that they would be located in 
the ground water areas of the Piceance ba- 
sin. The other two plants were assumed to be 
located in drier areas (e.g., in the Uinta basin 
or along the edge of the Piceance basin). 

e No retort condensate is shown for the AGR 
plants because it was assumed that conden- 
sation in the retort would be avoided by ad- 
justing the operating temperature. A large 


value is shown for the MIS retort condensate 
because of unavoidable condensation in the 
lower portions of the MIS retorts. The value 
for MIS/aboveground is a weighted average 
of Lurgi-Ruhrgas (no condensate) and MIS 
(large quantities of condensate). 

e Large values are also shown for gas conden- 
sate and gas washing condensate in all sys- 
tems except the aboveground indirect. In the 
aboveground direct and the two MIS oper- 
ations, large quantities of moist retort gas 
must be treated, resulting in large volumes of 
condensate. Much of the moisture is a com- 
bustion product. In contrast, the above- 
ground indirect has no combustion within the 
retort and produces less gas that must be 
cooled and cleaned. 

In table C-2, estimates are presented of the con- 
centrations of contaminants in the condensate 
streams. It is important to note that extensive 
data on contaminant concentrations are not avail- 
able for the process condensate streams and that 
published measurements show considerable vari- 
ation. Only the estimate for the aboveground in- 
direct gas condensate is based on extensive field 
measurements." The other values are consistent 
with material balance calculations and informa- 
tion from the literature but they are at best ap- 
proximate. Moreover, only concentrations of ma- 
jor contaminants are shown. Trace contaminants, 
including most toxic elements, are not indicated 
because information on their occurrence is even 
more limited. Although toxic elements are not ex- 


Table C-2.—Contaminant Concentrations in Oil Shale Process Condensate Streams (mg/l)? 


Gas condensate 


Retort condensate Hydrotreater condensate 


Contaminant Aboveground direct Aboveground indirect MIS or MlIS/aboveground MIS or MIS/aboveground All plants 
Nie eee sae 17,990¢ 5,150 21,330° 720 41,000° 
HiSeer Fe SE ae 206° 810 118° _ 18,000° 
GOLDY. Re sae ah 32,400° 6,150 41,800° 9,940 None 
CRIGIUIE eI ee Lowd 6 Low 20 Low 
Magnesiumaaa: «.%5 Low 2 Low 17 Low 
POtaSSILIN ss oes Low 0.4 Low 100 Low 
SOCIUMMe cata Low 5 Low 3,600 Low 
Chioride:. 24... aes Low 5 Low 280 Low 
Fluorides rr eee Low 0.3 Low 39 Low 
BOl Ol laeeracetarectoruht- Low Low Low 25 Low 
SulfatGe mes cnc, an & Low Low Low 1,200 Low 
Organic carbon..... = 6,100 = — _ 
BODE Reet. ee. 10,000 10,000 2,200 2,220 10,000 


Trace elements and organics for which data are unavailable are not shown. 
DBicarbonate and carbonate concentrations reported as CO, equivalent. 

Cin internal acid wash before gas separation and wash recycle. 

Based on available data or estimates. 

®Biochemical oxygen demand; estimated at one-half of the theoretical oxygen demand. 


SOURCE: R. F. Probstein, H. Gold, and R. E. Hicks, Water Requirements, Pollution Effects, and Costs of Water Supply and Treatment for the Oil Shale Industry, prepared for OTA by Water Purification 


Associates, October 1979. 
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pected to be present to any significant extent in 
the gas condensates, some could be present in the 
MIS retort condensate." 

The hydrotreater condensate concentrations 
were developed for Colony’s upgrading unit, but 
they should be typical of values for any facility 
(MIS or aboveground) that processes Green River 
shale oil. A retort condensate is shown only for 
the MIS and MIS/aboveground facilities, for rea- 
sons mentioned previously. Significant differ- 
ences are indicated for the three gas condensate 
streams with respect to NH;, H.S, and CO, concen- 
trations. The aboveground indirect stream is 
much lower in CO, and NH; because of the lack of 
combustion (which produces soluble CO, and NO, 
gases) in the retort. H.S concentration is higher in 
the aboveground indirect stream because there is 
little oxygen available in the retort to oxidize the 
HS to SO:. A lack of data prevents evaluation of 
process-related effects on concentrations of other 
contaminants. 

In table C-3, the likely rates of pollutant produc- 
tion are shown for the gas condensate streams. 


Table C-3.—Production Rates for Principal Pollutants 
in Gas Condensate Streams (ton/d)a 


Type of facility 


Aboveground Aboveground MIS/ 
Contaminant direct indirect MIS aboveground 
Ine cmt cee ee 75.6 14.7 276 189 
PSL ne 0.87 23 Ws fea 
COME Pane ae 136 lia 541 371 
BODSA a =e 19.2 28.5 18.5 Wan 


Tons per stream day for production of 50,000 bbi/d shale oil syncrude. 
Dadditional sulfur is recovered directly from the retort gas. 
“Biochemical oxygen demand. 


SOURCE: R. F. Probstein, H. Gold, and R. E. Hicks, Water Requirements, Pollution Effects, and 
Costs of Water Supply and Treatment for the Oil Shale Industry, prepared for OTA by 
Water Purification Associates, October 1979. 


The values shown were obtained by multiplying 
the flow rates in table C-1 by the pollutant concen- 
trations in table C-2. Only a single value is shown 
for each contaminant in table C-3 and in the other 
pollutant production-rate tables that follow. The 
rates shown were calculated for average stream 
flows wherever a range is shown in table C-1. This 
approximation is justified because the uncertain- 
ty in pollutant concentrations is larger than the 
relatively narrow range shown for the flow rates. 
These uncertainties result from a paucity of pub- 
lished data, and also because large differences 
Can occur in some plants with different feed 
waters and process designs. 

Table C-4 indicates the pollutant production 
rates for the retort condensate streams produced 


Table C-4.—Production Rates for Principal Pollutants 
From MIS Retort Condensates (ton/d)a 


Type of facility 


Contaminant MIS MIS/aboveground 
Nils... teoittaaet deeded Seatels 8 3.49 2.40 
Phra ly abe das, ca i ae — — 
CR ar Mien aes tele ace eat 48.2 33.4 
Carciiny Pe. es eee we, 0.10 0.07 
Magnesianty. 024... &: Re 0.08 0.06 
Botassiunpacies. iy ens aa 0.49 0.33 
SOCIUI: socthetack: ieike eta Fame if 12.0 
CIOTIAG: 3 aie dela, 1.36 0.93 
PIGGMIGe eet a eee eee 0.19 0.13 
Boron aL). t'); ee Pee, eee 0.12 0.08 
Sulfate . POL i Rees eae 5.82 3.99 
Biochemical oxygen demand... . 10.07 1.32 


4Tons per stream day for production of 50,000 bbi/d shale oil syncrude. 


SOURCE: R. F. Probstein, H. Gold, and R. E. Hicks, Water Requirements, Pollution Effects, and 
Costs of Water Supply and Treatment for the Oil Shale Industry, prepared for OTA by 
Water Purification Associates, October 1979. 


in MIS retorting. It is assumed that retort conden- 
sates are produced only with MIS processing. 
These condensates leach inorganic salts from 
shale in the retort, as indicated by the contami- 
nant production rates shown. 

Table C-5 shows the production rates for the 
principal contaminants in the process waste 
waters generated in the upgrading portion of the 
Colony design. This is the only plant for which an 
upgrading section has been described in the lit- 
erature. Since shale oils produced by different 
retorts are not markedly different in their nitro- 
gen and sulfur contents, it is reasonable to apply 
the pollutant production estimates for the TOSCO 
II upgrading section to all of the facilities con- 
sidered. 

In table C-6, the pollutant production rates for 
all of the process condensate streams are com- 
bined. It can be seen that the biochemical oxygen 
demand (BOD) does not have a wide range be- 
tween facilities. This is in large measure a result 


Table C-5.—Production Rates for Principal Pollutants 
in Upgrading Condensates (ton/d) 


Waste stream 
Hydrotreater condensate Coker condensate 


Contaminant 


Nt dhe ates 21) one Ae 133 iste 
Hos.) , Oe &. hee 2 ee 58.6 0.18 
COp8 S SOR! OS; See 0 Vad 
Biochemical oxygen demand . 1.49 e238 


Tons per stream day for production of 50,000 bbli/d shale oil syncrude. Based on a TOSCO || 
process design. Similar values anticipated for the other process models. 
Dadditional sulfur is recovered directly from the retort gas. 


SOURCE: R. F. Probstein, H. Gold, and R. E. Hicks, Water Requirements, Pollution Effects, and 


Costs of Water Supply and Treatment for the Oil Shale Industry, prepared for OTA by 
Water Purification Associates, October 1979. 
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Table C-6.—Sum of the Production Rates for Principal Pollutants 
in Retorting and Upgrading Condensates (ton/d) 


Type of facility 


Aboveground Aboveground MIS/ 
Contaminant direct indirect MIS aboveground 
Nisei tonne an 210 149 414 326 
Tpgeleeiene aaicken 59.7 61.4 60.3 59.9 
COPRURS 3 137 18.9 591 405 
PODS Rare 22.9 Sere 32.9 Pele 


Tons per stream day for production of 50,000 bbi/d shale oil syncrude. 

Dadditional sulfur is recovered directly from the retort gas. 

CThis does not represent total CO, production. CQ, is also generated in combustion and lost up 
flue gas stacks as in TOSCO II indirect process, and in steam and power production. 

Biochemical oxygen demand. 


SOURCE: R. F. Probstein, H. Gold, and R. E. Hicks, Water Requirements, Pollution Effects, and 
Costs of Water Supply and Treatment for the Oil Shale Industry, prepared for OTA by 
Water Purification Associates, October 1979. 


of the BOD concentrations assumed. The H:S pro- 
duction, which represents about a third of the 
total sulfur recovered in the plant, varies little 
among the different facilities. This is reasonable, 
since the amount of sulfur removed per unit of 
shale oil produced should be similar for the dif- 
ferent processes. However, this H:S includes only 
that amount that dissolves in the condensate 
streams; it does not include the gas that goes 
directly to the sulfur recovery units. 

The most striking estimate in table C-6 is the ex- 
tremely high CO, production rate for the MIS fa- 
cility. The rate for the aboveground indirect facil- 
ity is lowest because decomposition of carbonate 
minerals to CO, is much less at the lower retorting 
temperatures (about 900° F or 500° C) than in the 
higher temperature (about 1,500° F or 800° C) 
MIS or aboveground direct processes. The rate is 
highest for MIS because the shale remains at high 
temperatures for a long time, thus allowing nearly 
complete decomposition of the carbonates. The 
combined MIS and AGR facility shows a corres- 
pondingly lower value—a weighted average of 
MIS and Lurgi-Ruhrgas rates. It should be empha- 
sized that CO, is also produced by combustion in 
the indirect AGR plant, which does not show up in 
the condensate streams because it is lost directly 
up flue gas stacks. However, even if this gas were 
included, the ratio of CO: produced in MIS or 
aboveground direct to that in indirectly heated 
retorting would still be large. 

Differences in NH; production rates also result 
from combustion in MIS and directly heated 
aboveground retorts. The aboveground indirect 
process produces the least NHs because it is 
essentially one of pyrolysis in which the nitrogen 
is mostly obtained from the organic matter in the 
shale. In fact, almost all of the NH; that will be 
produced in the indirectly heated AGR will be 


manufactured in the upgrading section when ni- 
trogen is removed from the crude shale oil by hy- 
drotreating. Differences in BOD yields are not sta- 
tistically significant, given the lack of precision in 
the data base. 

In order to calculate pollutant concentrations 
in cooling tower blowdown and waste streams 
from boiler feedwater treatment, it is necessary 
to know the raw water composition to the plant. 
Table C-7 shows the raw water compositions 
assumed for this assessment. The surface water 
quality is that of the Colorado River near Cameo, 
Colo., and the mine drainage water is a composite 
of the expected quality of water to be drawn from 
the bedrock aquifers of the Piceance Basin.'** The 
raw water compositions are only approximate. 

Table C-8 presents the estimated composition 
of the cooling tower blowdown of four facilities 


~ *The bedrock aquifer system, and other water resources in the oil 
shale region, are described in ch. 9. 


Table C-7.—Composite Water Quality Data for Colorado River 
Water and Mine Drainage Water in the Piceance Basin (mg/I) 


Source of process water 


Contaminant Surface water Mine drainage water 


NUH wees eee — lee 
BiCanBONatemer yee ay ees 168 750 
BOnaiier ete i addeceh ote hc. aicheats a 3 
GAIGIUN er ea tea yeeeia ah ca rgce 72 50 
ParOnalem cet te ue at — 50 
Ghignidereeea erie FEE. vek 205 20 
FUORI eT ae Bk See oe — 15 
MagneSiimie taste .teyete tr 19 60 
Phenolmermeee aaettee suas: = 2.5 x 10°3 
Sili Cale Padabeei te hoie ee ih 15 
Soci aeaaewoers ie te 153 300 
Sill fate hese sh etme Pee oka 158 350 
Total dissolved solids ...... 734 1,350 


SOURCE: R. F. Probstein, H. Gold, and R. E. Hicks, Water Requirements, Pollution Effects, and 
Costs of Water Supply and Treatment for the Oil Shale Industry, prepared for OTA by 
Water Purification Associates, October 1979. 


Table C-8.—Estimated Concentrations of Principal 
Contaminants in Cooling Tower Blowdown (mg/1) 


Type of facility 


AGR with MIS retorting with mine 
Contaminant surface water supply drainage water supply 
GCaleniins aes wor tases 215 200 
ChioriGewynws er 615 80 
FM (Olt. stoleunmee = 60 
Magnesium....... 60 240 
SOG ey ues 460 1,200 
Sitges ree es 840 1,400 


SOURCE: R. F. Probstein, H. Gold, and R. E. Hicks, Water Requirements, Pollution Effects, and 
Costs of Water Supply and Treatment for the Oil Shale Industry, prepared for OTA by 
Water Purification Associates, October 1979. 
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considered, based on an average of three cycles 
of concentration for AGR (surface water supply) 
and four cycles of concentration for MIS retorting 
(mine drainage water supply). The relatively low 
numbers assumed for concentration cycles are 
based on the assumption that all of the blowdown 
water is needed for solid waste disposal. Under 
this assumption there is no advantage to the more 
costly procedure of using a larger number of 
cycles. 

Table C-9 gives the estimated composition of 
the waste streams from treating the raw supply 


Table C-9.—Estimated Concentrations of the Principal 
Contaminants in an lon Exchange Regenerant Waste Stream 
From Boiler Feedwater Treatment? (mg/l) 


Type of facility 


AGR with MIS retorting with mine 
Contaminant surface water supply drainage water supply 
CalGitiinizenee eae 950 660 
Chilonidereea nee 2,400 790 
Magnesiuiitaes ec: 250 4,600 
SOGIUM et te ers aeee 990 2,200 
Sulfate Pate ie 2,080 3,460 


4Volume of regenerant wastewater assumed to be approximately 7.5 percent of the volume of 
treated water. 


SOURCE: R. F. Probstein, H. Gold, and R. E. Hicks, Water Requirements, Pollution Effects, and 
Costs of Water Supply and Treatment for the Oil Shale Industry, prepared for OTA by 
Water Purification Associates, October 1979. 


water by ion exchange to obtain a high-quality 
water for boiler feed. The estimates assume the 
removal of all the calcium, magnesium, and sul- 
fate ions from the supply water. Most of the other 
ions will also be removed but only the principal 
ones are shown for the waste streams. The waste 
volume is about 7.5 percent of the water treated. 
This corresponds to a fairly efficient ion ex- 
change treatment system. Boiler blowdown waste 
composition is not shown because the quality of 
this water is usually equivalent to that of the raw 
water entering the plant. It can therefore be 
mixed with the raw water and used as a makeup 
source. 

Table C-10 gives the estimated pollutant pro- 
duction rates in the cooling tower blowdown and 
boiler waste treatment streams based on the com- 
positions of tables C-8 and C-9. Also shown are the 
total production rates from these two sources; the 
streams would usually be combined in the plant 
and used for solid waste disposal. There is not a 
great deal of difference in the total quantities of 
pollutants produced by the facilities considered. 

In table C-1 it was assumed that oil shale mines 
in ground water areas might result in production 
of from O to 10,000 acre-ft/yr of excess mine 
drainage water for a 50,000-bbl/d in situ facility. 
At this time, it is not known whether the water 
will be treated for discharge to surface streams, 


Table C-10.—Production Rates for Principal Pollutants in Cooling Tower Blowdown and Boiler Treatment Wastes (ton/d) 


Contaminant Aboveground direct Aboveground indirect MIS MIS/aboveground 
Cooling tower blowdown 
Calcicnys ures morery aetrnta a NESS 1.36 0.86 0.76 
ChiOKGCRrumch ema acts 3.85 3.88 0.35 0.30 
FIOM Orme setae yatta nee — = 0.26 0.23 
Magnes) aera rane 0.38 0.38 1.04 0.91 
SOCIUIT MR greta EEN 2.88 2.90 5.18 4.55 
Suitatewarectin s Guecetret | oe 5.26 5.29 04 5.31 
Boiler treatment wastes 
Calciiineng Be Rhee ee . .. 0.58 0.71 0.45 0.44 
Chloride Saxhwteoaty Becca 1.47 1.79 0.54 0:53 
Magnesite: meant 0.15 0.19 3.16 3.08 
SOC eran ten es aa ete 0.61 0.74 (los) 1.47 
SUITAG Manes oe ne ema at ee 155 38 Ce32 
Total 
Gal ClUIN tet a ai Poe 1.93 2.06 oe 1.20 
CTORIGe, Parte es ws excite: 33 5.66 0.89 0.83 
FLUO IGG tae es sate aoa aed oes = = 0.26 0.23 
Magnesite heer 0.53 0.56 4.20 3.99 
SOIUMS: eee els cere tee 3.49 3.64 6.69 6.02 
Sulfate teeeaee: |, i0e.. Soe 6.54 6.84 8.42 7.63 
Ota Aates SOR 17.82 18.76 21.78 19.90 


SOURCE: R. F. Probstein, H. Gold, and R. E. Hicks, Water Requirements, Pollution Effects, and Costs of Water Supply and Treatment for the Oil Shale Industry, prepared for OTA by Water Purification 


Associates, October 1979. 


or reinjected into the aquifer from which it was 
drawn. The question has economic as well as en- 
vironmental implications. If it is to be discharged, 
then it must be treated, and wastewater streams 
will be produced that will require management 
and disposal. The level of treatment is not known 
at present. In DRI’s analysis of the costs of envi- 
ronmental protection, ‘“‘less strict’? and ‘‘more 
strict’? pollutant discharge criteria were as- 
sumed.'* In table C-11 their estimates are given 
for the total quantities of pollutants produced by 
treatment for surface discharge of 10,000 acre- 
ft/yr of excess mine drainage water of the quality 
shown in table C-7 for the less strict and more 
strict regulations. These quantities could be ap- 
propriately scaled down or up for different rates 
of drainage-water production. The effect of the 
different standards on the total quantity of pollut- 
ants produced is not large. However, the costs of 
achieving the ‘‘more strict’’ criteria would be 
much higher. 
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Table C-11.—Rates of Pollutant Production From Treatment 
of 10,000 acre-ft/yr of Excess Mine Drainage Water 
for Surface Discharge 


Regulatory scenario 


“Less Strict’ ‘‘More strict’’ 

Contaminant % Removal Ton/d % Removal Ton/d 
NEE eek, 2, 85 0.04 91.7 0.04 
Bicarbonate..... G 21.47 94.3 26.30 
BOnOn erent sae 70 0.08 98.2 0.11 
Calciiipeawernn: 99 1.84 99.9 1.86 
Carbonate...... 90 1.67 95.8 1.78 
Chiotides.. 222. 94 0.70 99.6 0.74 
EU fC Cmweey eee 90 0.50 99.0 0.55 
Magnesium..... 99 OHen 99.9 2:23 
Silda. cae 83 0.46 96.7 0.54 
SOdiUMpeeete ne 94 10.49 99.7 eae 
Sultatesae = 97 12.62 99.9 13.00 

TOU escuela 52.08 58.27 


SOURCE: Adapted from: T. D. Nevens, et al. (DRI, Water Purification Associates, and Stone and 
Webster Engineering), Predicted Costs of Environmental Controls for a Commercial Oil 
Shale Industry: Volume |, An Engineering Analysis, Department of Energy, July 1979. 
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APPENDIX D 


Technologies for Managing 


Point Sources of Wastewater 


Introduction 


This appendix describes the wastewater streams that will be produced in oil shale 
facilities, including leachates from solid waste disposal. The physical, chemical, and bio- 
logical treatment devices and systems are then described. Finally, developer plans are re- 
viewed to show how water supply, wastewater treatment units and systems, and methods 
of disposition might be combined into comprehensive water management schemes for 


commercial-scale oil shale facilities. 


Oil Shale Waste Streams That Will Require Treatment 


The major point source streams that will re- 
quire treatment are: 


® excess mine drainage water—principally for 
plants near the center of the Piceance basin; 

retort condensates—especially and perhaps 
exclusively for in situ operations; 

gas condensates—for all systems; 

coker and hydrotreater condensates from all 
plants that have onsite upgrading or refining 
operations; and 

streams from service operations—including 
boiler feedwater treatment wastes and cool- 
ing tower blowdown. 


The other streams are either relatively small or 
relatively clean and consequently require little 
treatment. They include boiler blowdown, rain 
and service water runoff, and sanitary wastes. 
Sanitary wastes will certainly need treatment, 
but they should be similar to typical domestic 


wastes and can easily be handled in commercially 
available biological units. 

Leachate from spent or raw shale piles on the 
surface is not considered as a separate stream re- 
quiring treatment during the operating life of the 
plant. With proper compaction and irrigation, 
water will be either retained in the pile or lost by 
evaporation. There should therefore be little ac- 
cumulation of leachates.'! There will be storm and 
snowmelt runoff, but this will be in limited quan- 
tities and will have a low salt content.? The small 
quantity of water that may percolate through the 
pile after intentional leaching can be expected to 
be low in both organic and inorganic substances.’ 
This water can be used for dust control in raw 
shale crushing operations and will thus find its 
way back to the retort. Leachate from spent in 
situ retorts poses a potential problem of unknown 
magnitude. Design concepts for its control are dis- 
cussed in chapter 8. 


Individual Methods for Point Source Wastewater Treatment 


Physical Methods 


e Gravity separators are used to treat nearly all 
oily wastewaters. They are especially common 
in refineries and chemical plants. The simplest 
are impingement-type devices such as API 
separators, corrugated plate interceptor sepa- 
rators and parallel plate interceptor sepa- 
rators. These devices are very inexpensive and 
reliable but they can be used only for first- 
stage oil removal. Additional treatment is usu- 
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ally needed before the wastewater can be sent 
to sensitive treatment systems like biological 
oxidizers. 

e Coalescing cartridge separators (figure D-1) 
are more effective devices that can reduce oil 
concentrations to as low as 1 mg/l. In this type 
of separator, oily wastewater is pumped 
through a coarse filter medium within the car- 
tridges, causing oil droplets and some mechan- 
ically emulsified oil to coagulate into large 
globules which float to the top of the separator 


Appendix D—Technologies for Managing Point Sources of Wastewater ¢ 489 


Figure D-1.—Cartridge-Type Coalescing Oil-Water and are removed. These devices have high re- 

Separator moval efficiencies but tend to clog if the water 

contains suspended particles. They can also be 
fouled by growth of micro-organisms on the 
filter medium. 
Air flotation is even more effective but is rela- 
tively complex. One device—the dissolved air 
flotation cell—is shown in figure D-2. In this 
separator, air is injected into the oily waste- 
water as fine bubbles. The oil droplets adhere 
to the air bubbles and rise to the surface as a 
froth, which is skimmed off by a motor-driven 
rake. Some small suspended particulate con- 
taminants can also be removed in the froth and 
others will settle to the bottom of the cell and 
can be removed as a sludge. Coagulants can 
also be added to aid removal efficiency. If lime 
is added, for example, it will precipitate some 
heavy metals and certain anions such as Car- 
bonates. 

e Clarification (also called coagulation/sedimen- 
tation or precipitation/sedimentation) may be 
used to settle out oil, to remove suspended 
solids, or to precipitate toxic metals, carbon- 
ate, and other anions. A slant-tube clarifier is 
shown in figure D-3. Accumulation of oil drop- 
lets and particulates on the tubes greatly en- 
hances separation of the materials compared 


OILY WATER m 


OILY 
MIXTURE 


SOURCE: Assessment of Oil Shale Retort Wastewater Treatment and Control with the performance of simpler gravity de- 
Technology, Hamilton Standard Division of United Technologies, ; " 1 1 d d ; 
July 1978, p. 5-3. vices. Chemicals can also be added in an up- 


Figure D-2.—Dissolved Air Flotation 
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Figure D-3.—Clarification and Precipitation 
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SOURCE: Assessment of Oil Shale Retort Wastewater Treatment and Control Technology, Hamilton 
Standard Division of United Technologies, July 1978, p. 5-3. 


stream mixing tank to aid precipitation (such as 
sodium hydroxide) or coagulation (such as alum 
or a polyelectrolyte). 

e Filters can be used to remove particles and in 
some cases oil. Some of the more common filter- 
ing devices are shown in figure D-4. Pressure 
filters are generally automatic devices in which 
the contaminated water is sucked inwards 
through a series of leaves on which a filter cake 
forms. The filter may be used to remove par- 
ticles from dilute wastewaters as the first stage 
in a treatment system, or it can be used to de- 
water the sludge products from other separa- 
tors. The filter cake is generally very low in 
moisture, which eases disposal problems. 

Vacuum filtration can also be used to remove 
suspended particles from wastewater but is 
more suitable for dewatering concentrated 
streams and sludges. Two vacuum devices are 
shown in figure D-4. In the rotary vacuum filter, 
a rotating drum dips into a trough filled with 
wastewater, and suction is applied to the inside 
of the drum. Water is drawn through the per- 
forated surface of the drum and solids are de- 
posited on the outside as a filter cake. As the 
drum rotates, the dewatered sludge is scraped 
off and falls into a receiving trough. A filter 
press is functionally similar except that the 
wastewater is sucked or pumped through a 
series of plate-and-frame assemblies. The de- 


watered sludge is periodically removed from 
the filter medium by mechanical cleaning. Ul- 
trafiltration, in which the wastewater is forced 
through a membrane, is often used for separa- 
tion of oil and water. It is generally limited to 
separation of chemically stabilized emulsions 
and is not suitable for mechanical emulsions. 

In multimedia filters, granular materials 

such as sand form a filtering bed through which 
the wastewater is pumped. The water passes 
through a series of layers with granules of in- 
creasingly fine size. The collected solids are 
subsequently removed by backflushing with 
clean water. This filter produces a sludge, 
rather than a dry cake, which requires addi- 
tional dewatering before disposal. The multi- 
media filter is generally more economical than 
pressure filters for high flow rates and dilute 
slurries. 
Stripping with steam (figure D-5) or with air or 
flue gases is used to remove NH; and sulfide 
gases from wastewater. The operation is car- 
ried out in a packed column or a plate column, 
and two-stage processing is sometimes em- 
ployed to provide independent recovery of NH; 
and sulfuric acid. If the stripper is part of a 
treatment system that includes biological treat- 
ment, some NH; is usually left in the stripper 
product to act as a nutrient for the micro-orga- 
nisms. 
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Figure D-4.—Filters for Wastewater Treatment 
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5-11, and 5-12. 


e Adsorption is used to remove dissolved metals, 
organic compounds, and many toxic sub- 
stances. Adsorption with regenerated carbon 
slurries and with resin particles is shown in 
figure D-6. Other systems use activated carbon 
particles that are contained in a fixed bed, ei- 
ther without regeneration or with regeneration 
within the column. In all cases, the separation 
involves physical adsorption of the contami- 
nants on the surfaces of the particulate 
medium. 


¢ Distillation (figure D-7) is a simple process in 
which wastewater is purified by boiling. The 
products are a very clean steam, which can be 
condensed with cooling water or in air-cooled 
condensers, and a highly contaminated concen- 
trate. Very pure water can be obtained, but the 
process has large energy requirements. Cooling 
water is also needed in most applications. 

e Reverse osmosis can also recover very pure 
water from concentrated salt solutions. Some 
dissolved organic materials can also be re- 
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Figure D-5.—Steam Stripping 
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moved. A typical reverse osmosis system is 
shown in figure D-8. Each element in the sepa- 
ration system contains a membrane that sepa- 
rates the clean product (permeate) from the 
concentrated waste or residual. The membrane 
is pressurized on one side, which forces the 
pure water through the membrane and leaves 
the salt and organic contaminants on the other 
side. The process is very effective, but prob- 
lems arise if the wastewater stream contains 
very fine suspended solids (colloids) that can 
clog the membranes and reduce their perform- 
ance. 

Electrodialysis cells consist of an anode and a 
cathode separated by two membranes—one 
near the cathode through which cations (posi- 
tively charged ions) can pass and one near the 
anode that is permeable to anions (negatively 
charged ions). A system consisting of several 
such cells is shown in figure D-9. The waste- 
water is pumped between the membranes. 
Upon application of an electric current, the ani- 
ons migrate through one membrane towards 
the anode and the cations migrate through the 
other to the cathode. The concentration of ionic 
species in the central chamber is thereby re- 
duced. The concentrated streams beyond the 
membranes are the waste products. Electrodi- 
alysis is very effective in removing dissolved 
salts but it is very expensive because each 
system must be specifically designed and manu- 
factured for the particular application. 
Thickeners (figure D-10) are used between a 
sludge-generating step (such as clarification) 
and a sludge-dewatering step (such as vac- 
uum filtration). These concentrate the sludge 


through gentle agitation and thereby reduce 
the amount of water that must be removed in 
subsequent processes. 

Evaporation (figure D-11) is a final step for con- 
centrating solid residues. It is generally ac- 
complished in evaporation basins, which are 
simply lined ponds into which the sludge is 
pumped and allowed to stand while the mois- 
ture evaporates, or in sludge drying beds, 
which contain a layer of coarse sand over a 
layer of fine sand over clay or perforated 
plastic drainage tiles. Both systems require 
large areas of land compared to other more 
compact devices such as vacuum filtration but 
they are inexpensive and require little mainte- 
nance. Sludge drying beds are faster but more 
expensive. Both systems require mechanical 
removal of the dried sludge, usually with a 
backhoe or front-loader. 


Chemical Methods 


Ion exchange is a process in which ions held by 
electrostatic charges on the surface of resins 
are exchanged for ions with similar charges in 
the wastewater. An example is a home water 
softening system in which sodium ions (from 
rock salt) are exchanged for calcium ions in the 
water supply, thereby reducing the hardness of 
the water. The process is classified as adsorp- 
tion because the ion exchange occurs on the 
surface of the resin particles and the ions to be 
removed must undergo a change of phase: from 
the liquid phase of the wastewater to the solid 
phase of the resin. By this technique, harmful 
ions in the wastewater can be exchanged for 
the harmless ions of the resin. Ion exchange 
can be used only for removing ions (such as 
those from dissolved salts) from solution; it can- 
not be used for non-ionic contaminants such as 
organic compounds and suspended solids. A re- 
generating ion exchange system is shown in 
figure D-12. Such a system is suitable for recov- 
ery of valuable ions from dilute streams. It has 
a limited capacity, thus would not be useful for 
first- or second-stage salt removal but would 
more likely be reserved for ‘‘polishing’ a 
treated effluent from another treatment tech- 
nology. 

Wet air oxidation was developed for destruc- 
tion of organic contaminants. In this process 
(see figure D-13), wastewater is exposed to air 
under elevated temperature and pressure, thus 
causing organic compounds to oxidize com- 
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Figure D-6.—Adsorption Systems for Wastewater Treatment 
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Figure D-7.— Distillation Figure D-8.— Reverse Osmosis 
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Figure D-9.—Electrodialysis 


OUTLET OF CONCENTRATION STREAM 


OUTLET OF DILUTION STREAM 


H2 
SO, 
a H 
(+)) 6 6 
UY s 
H Fi 
6 6 
8 8 
6 r 
6 s 
a 6 
6 6 
8 g 
= CATHODE 
COMPARTMENT 
ANODE STREAM 
COMPARTMENT 
STREAM NA+ INLET OF DILUTION STREAM 


INLET OF CONCENTRATION STREAM 


SOURCE: Assessment of Oil Shale Retort Wastewater Treatment and Contro/ Technology, Hamilton Standard Division of United Technologies, July 1978, p. 5-7. 


Appendix D—Technologies for Managing Point Sources of Wastewater ° 495 


Figure D-10.—Mechanical Sludge Thickening 
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Figure D-11.—Evaporation Systems for Sludge Drying 
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Figure D-12.—A Regenerable lon Exchange System 
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Figure D-13.—Wet Air Oxidation 


REACTOR 


HEAT HEAT 
E 


XCHANGER 


WASTEWATER 


SEPARATOR 


EFFLUENT TO 
ASH SETTLING 


EXHAUST 


HOLDING FEED HIGH AIR _ EXPANSION 
TANK PUMP PRESSURE COMPRESSOR ENGINE 
PUMP 


SOURCE: Assessment of Oil Shale Retort Wastewater Treatment and Control Technology, Hamilton Standard Division of United Technologies, July 1978, p. 5-14. 


498 e An Assessment of Oil Shale Technologies 


pletely or at least decomposing them into forms 
that are more easily treated. In particular, the 
process can be used to increase the biodegrad- 
able properties of compounds that are normally 
refractory (resistant) to biological oxidation. 
The method is very effective but is costly be- 
cause the highly corrosive environment within 
the equipment requires expensive materials 
and construction methods. 

Photolytic oxidation processes (figure D-14) use 
light to oxidize organic contaminants. They can 
be used in conjunction with chemical oxidizers. 
One technique that works well in many indus- 
trial situations is the combination of ultraviolet 
light and ozone gas. The process has the disad- 
vantage of requiring relatively long residence 
times. 

Electrolytic oxidation is similar to electrodial- 
ysis except that it can be used to oxidize or 
reduce dissolved contaminants to their gaseous 
forms. A typical system is shown in figure D-15. 
The method is costly to operate, and is general- 
ly reserved for removing very valuable or very 
hazardous substances. It has been used with in- 
dustrial wastewaters to remove, for example, 


chromic acid and cyanide. In oil shale plants, it 
could be employed for removing hazardous 
organics. 

Chemical oxidation relies on contacting waste- 
water with oxidizing chemicals. As mentioned 
previously, chemical oxidation can be com- 
bined with other oxidizing systems. The exam- 
ple of ozone combined with ultraviolet light was 
mentioned above. The chemical combination of 
ozone and hydrogen peroxide has been found to 
work well with refinery wastes, which are simi- 
lar to the expected wastes from oil shale proc- 
essing. Potassium permanganate has been 
tested with oil shale streams. 


Biological Methods 


Anaerobic and aerobic digestion.—The princi- 
pal anaerobic system is the anaerobic digester, 
which is a closed, heated vessel in which the 
microbial population is maintained under an at- 
mosphere of its own waste gases. Such systems 
have a long history of application in treatment 
of municipal wastes. A typical digester is 


Figure D-14.—Photolytic Oxidation 
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Figure D-15.—Electrolytic Oxidation 
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1978, p. 5-15. 


shown in figure D-16. The illustration shows a 
flare stack for disposal of the digester gas. It is 
also possible to use the gas for many industrial 
purposes. In municipal systems, the gas is used 
as fuel for the compressors that maintain the 
atmosphere within the unit. Some of the com- 
mon aerobic biological systems, in which diges- 
tion takes place in an oxygen-rich atmosphere, 
are described below. 

1. Activated sludge processes treat waste 
streams that contain 1 percent or less of sus- 
pended solids. In this process, flocculated 
biological growths are continuously circu- 
lated in contact with organic wastewater in 
the presence of oxygen. Organic compounds 
that can be decomposed include polysaccha- 
rides, proteins, fats, alcohols, aldehydes, fat- 
ty acids, alkanes, alkenes, cycloalkanes, and 
aromatics. The process is widely used for in- 
dustrial wastes and is even more common in 
municipal treatment plants. It is relatively 
inexpensive to fabricate and operate, and is 
usually cost effective for a variety of organic 
contaminants. Its major disadvantages are 
complex control procedures and high main- 
tenance and power requirements. A typical 


activated sludge system is shown in figure 
D-17. 


. Trickling filters are also commonly used for 


municipal wastewater treatment. One sys- 
tem is shown in figure D-18. In this process, 
the microbial population lives on the fixed 
elements of the filtering medium, and the 
wastewater trickles past them. Stones were 
a common medium in the past; plastic is 
more common today. Extra nutrients are 
often added to the entering waste stream to 
accelerate the biodegradation process. The 
process requires relatively little land area 
and can achieve high throughputs with the 
proper adjustments of acidity, nutrients, and 
trace chemicals. It does not work well if the 
waste is chemically unstable or if it contains 
suspended solids. 


_ Aerated lagoons are similar to activated 


sludge processes except that the micro-orga- 
nisms are not circulated. The lagoons are 
essentially stabilization ponds that are 
equipped with mechanical agitators and 
aerators to provide the microbial population 
with uniform conditions and with the oxygen 
that they need to grow. About 60 to 90 per- 
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Figure D-16.—An Anaerobic Digestor 
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sion of United Technologies, July 1978, pp. 2-12 to 2-24. 


Figure D-17.—The Activated Sludge Process 
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. Rotating biological contactors (RBCs) are a 
combination of activated sludge and trickl- 
ing filter processes. One system is shown in 
figure D-20. The micro-organisms are attach- 
ed to a large number of disks that are ro- 
tated through a pool of the wastewater. 
Thus, a thin film of wastewater is simultane- 
ously exposed to the microbial colony and to 
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SOURCE: Assessment of Oil Shale Retort Wastewater Treatment and Control Technology, Hamilton Standard Division of United Technologies, July 1978, p. 5-17. 


the air. Biodegradation occurs very rapidly. 
A unique advantage of RBCs is that different 
strains of micro-organisms can be estab- 
lished on each of the disks. One strain could 
be established on an upstream disk to re- 
move the organic compounds that might be 
harmful to another strain on a downstream 
disk. This could not be done in other biologi- 
cal systems in which all micro-organisms are 
exposed to essentially the same environ- 
ment. 
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Figure D-18.—Trickling-Filter Waste Treatment 
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Figure D-19.—Aerated-Lagoon Waste Treatment 
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Figure D-20.—Rotating Biological Contractor 
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Status of Point Source Water Pollution Control Methods 


The removal efficiencies, reliabilities, adapt- 
abilities, and cost features of some point source 
control technologies are summarized in table D-1. 


Removal Efficiency 


All of the systems could perform adequately for 
first-stage oil and grease removal, and meeting 
discharge standards should be possible if a bio- 
logical oxidation unit is used for final cleaning. If 
not, single-stage cleaning in a coalescing filter 
would be sufficient. For dissolved gases, any of 
the stripping techniques should be adequate 
alone, and a biological oxidation unit could be 
used for final removal of any residual NH:. For re- 
moval of organic compounds, carbon adsorption 


would be suitable if used in conjunction with pre- 
treatment and post-treatment systems. Photolytic 
methods should also work, but they are not well 
demonstrated. Any filtration method would re- 
duce suspended solids to acceptable levels. For 
dissolved inorganics, clarification would general- 
ly have low removal efficiency but could be suit- 
able for removing metals. Distillation would be 
very effective for salt removal. Ion exchange or 
reverse osmosis would also work well, but their 
limited capacities might restrict their use to final 
removal of low-level contaminants. For sludges, 
sludge drying beds and evaporation basins would 
be very effective in the semiarid oil shale region. 
The alternate processes would be much less effec- 
tive. 


Table D-1.—Relative Ranking of the Water Treatment Methods 


Contaminant Technology Removal efficiency, % 
Oil and grease Dissolved air flotation 90 
Coalescing filter 99 
Clarification 80 
Dissolved gases Air stripping 80 
Steam stripping 95 
Flue gas stripping 95 
Biological oxidation High 
Dissolved organics Activated sludge 95 BOD/40 COD 
Trickling filter 85 BOD 
Aerated lagoon 80 BOD 
Rotating contactor 90 BOD/20-50 COD 
Anaerobic digestion 60-95 BOD 
Wet air oxidation 64 BOD/74 COD 
Photolytic oxidation 99 BOD 
Carbon adsorption 99 BOD 
Chemical oxidation 90 BOD/90 COD 
Electrolytic oxidation 95 BOD/61 COD 
Suspended solids Clarification 50 
Pressure filtration 95 
Multimedia filtration 95 
Dissolved solids Clarification Low except for metals 
Distillation 99 
Reverse osmosis 60-95 
lon exchange High 
Electrodialysis 10-40 
Sludges Thickening Product 6-8% solids 
Anaerobic digestion Low 


BOD = biological oxygen demand. 


Vacuum filtration 


Product 20-35% solids 


Sludge drying beds Product 90% solids 
Evaporation basins Product 95% solids 
Filter press Product 35% solids 


Aerobic digestion 


COD = chemical oxygen demand. 


Low 


Relative reliability Relative adaptability Relative cost 
Very high Very high Medium 
High High Medium 
Very high Very high High 
High High Medium 
Very high High Medium 
High Medium Medium 
Medium Medium Low 

High Medium Low 

High Medium Low 
Medium Medium Low 

High Medium Low 

High Medium Medium 
Medium High Very high 
Medium Very high Very high 
Medium High Medium 
Very high Very high High 
Medium Very high High 
High High Medium 
High High Medium 
Very high High Low 
High Medium Medium 
Medium Low Very high 
Medium Medium Medium 
High Low High 
Medium Medium Very high 
Very high High Medium 
High Medium Medium 
High High High 
Medium Low Medium 
Very high Low Low 

Very high High High 

Low Low High 


Adapted from: Assessment of Oil Shale Retort Wastewater Treatment and Control Technology, Hamilton Standard Division of United Technologies, July 1978, pp. 2-12 to 2-24. 


Appendix D—Technologies for Managing Point Sources of Wastewater * 503 


ee 


Reliability 


For oil and grease removal, the coalescing filter 
has the only potentially severe reliability problem 
because it tends to clog. For dissolved gases, all of 
the stripping techniques should be sufficiently re- 
liable. Biological oxidation is considered less reli- 
able because of the need for carefully controlled 
inlet conditions. For organics removal, chemical 
oxidation should be the most reliable; the biologi- 
cal systems (activated sludge, trickling filters, ro- 
tating contactors, and anaerobic digestion) should 
also be satisfactory. All systems for removal of 
suspended solids should be highly reliable. For 
dissolved solids, clarification and ion exchange 
are highly reliable. Distillation is downgraded 
because of its potential for corrosion; reverse 
osmosis because of potential fouling problems; 
and electrodialysis because it has a relatively 
short history of successful applications. For han- 
dling sludge, thickening, anaerobic digestion, and 
all of the filtration techniques should be highly 
reliable. 


Adaptability 


Few treatment techniques have been extensive- 
ly tested with oil shale waste streams, and most 
will be adapted directly from other industries. 
Physical and chemical conditions in which a de- 
vice will be expected to operate may differ signifi- 
cantly from those for which it was originally de- 
veloped and in which it is normally operated. For 
example, a method suitable for petroleum refiner- 
ies may not work well in the oil shale industry 
where it will be exposed to shale fines, organo- 
metallic complexes, or other contaminants pecu- 
liar to oil shale wastewaters. Although a system 
cannot be fully evaluated until it has been tested 
under commercial operating conditions, indica- 
tions of the expected performance can be ob- 
tained by examining how easily the technique has 
been adapted to other new industries significant- 
ly different from the one for which it was devel- 
oped. 


As shown in table D-1, all of the systems for oil 
and grease removal are highly adaptable. For dis- 
solved gases, air stripping and steam stripping 
are highly adaptable; flue gas stripping is down- 
graded because suitable gases may not be avail- 
able. Biological systems are downgraded because 
they may have problems with the high NH; con- 
centrations in some oil shale wastewaters. They 
could probably be used only with some pretreat- 
ment system. For dissolved organics, the oxida- 
tion systems and carbon adsorption are very 
adaptable, the biological systems less so because 
of potentially toxic substances and because they 
are sensitive to inlet conditions. All methods for 
removing suspended solids are highly adaptable. 
However, problems may be encountered with the 
removal of dissolved solids because of possible in- 
terference from high salt loadings or membrane 
clogging. The only significant problem with distil- 
lation is its need for cooling water, which may not 
be readily available at oil shale sites. For sludge 
handling, thickeners and filters are highly adapt- 
able. Sludge drying beds and evaporation ponds 
should have no technical adaptability problems, 
but they are downgraded because evaporation 
would mean a loss of the contained moisture, 
which could be recovered with filtration systems. 
Aerobic digestion is downgraded because some of 
the components of oil shale sludges may resist bio- 
logical degradation. 


Cost 


Costs in table D-1 are based on experience with 
similar systems in other industries. As indicated, 
systems with moderate capital and operating 
costs are available for all of the major contami- 
nants, and many of the lower cost options also 
have reasonable removal efficiencies, reliability, 
and adaptability. The only potentially serious 
problem is in removal of dissolved solids, where 
the medium-cost systems (reverse osmosis and 
clarification) have questionable removal efficien- 
cies. 
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Integrated Wastewater Treatment Systems 


Generally, no one device is able to remove all 
the contaminants from a process stream. Further- 
more, certain process streams may be combined 
before treatment or at different stages of treat- 
ment to take advantage of scale economies. 

Treatment systems that have been proposed for 
oil shale wastewater streams are shown in figure 
D-21 for mine drainage water, figure D-22 for gas 
condensate, and figure D-23 for retort conden- 
sate. These systems and their component units 
are discussed below. 


Excess Mine Drainage Water 


This water can be used without treatment as a 
slurry medium for backfilling burnt out in situ 
retorts,‘ but sufficient ground water may not be 
available over the lifetime of the plant for this 
control option. Additional water might have to be 
imported from other sites. Another disposal op- 
tion is reinjection, but for this purpose the water 
should be free of suspended solids and contain no 
constituents that would react adversely with the 
water in the receiving strata.5*’ While mine 
drainage water could easily be treated to meet 


these requirements, reinjection is a costly dis- 
posal option, because deep wells would be re- 
quired to avoid contamination of aquifers that 
discharge to the surface, and an extensive piping 
network would be needed. It has been suggested 
that the reinjection option be used only for very 
objectionable and relatively untreatable wastes 
and that underground disposal of the relatively 
clean mine drainage water would be wasteful ina 
region where water is scarce.’ 

For the option of discharge to a river, dissolved 
solids would have to be reduced to less than 500 
mg/l, which can easily be achieved by a mem- 
brane process such as reverse osmosis, as shown 
in figure D-21. Treatment is not expected to be dif- 
ficult, but conclusive test data are not yet avail- 
able.'® Discharge permits will probably also speci- 
fy a phenol concentration of no more than 0.001 
mg/l and a boron concentration of less than 0.75 
mg/l. Specific ion adsorbents are available for 
these substances and can be used, as suggested in 
option A of figure D-21. Alternatively, a second- 
stage reverse osmosis step may prove more eco- 
nomical, as suggested in option C of figure D-21. A 
single-stage, high-pH reverse osmosis step may 
also prove adequate, particularly if some of the 


Figure D-21.—Possible Treatment Options for Excess Mine Drainage 
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Figure D-22.—Possible Treatment Options for Gas Condensates 
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dissolved salts are first removed by chemical pre- 
treatment in a weak acid ion exchange degasifier 
as shown in option D of figure D-21. 

An aerated holding pond would be used in any 
of the options to dissipate any NH; and phenol 
that are not removed in the treatment units. The 
pond would also serve as an equalization basin 
for blending in waters that can bypass the treat- 
ment train. The size of the bypass stream will 
vary with the quality of the drainage water, the 
effectiveness of the aeration pond, and the cri- 
teria of the discharge permit. 


Gas Condensate 


This stream requires treatment for removal of 
dissolved gases and organics. Dissolved NH; will 
largely be combined with CO, in the form of am- 
monium bicarbonate. Both gases can easily be re- 
moved by steam siripping. Stripping has been 
tested in the laboratory with both a synthetic am- 
monium bicarbonate solution and an actual gas 
condensate.” It was found that the small 
amount of oil present in the condensate was rap- 
idly removed in the stripping operation, but even 
if an oil-water separator is required before the 
stripper (as suggested in figure D-22) separation 
difficulties due to emulsification are not ex- 
pected. 

Organic control by biological oxidation has not 
yet been demonstrated on an actual gas conden- 
sate stream. The organic mix is different from 


that of retort condensates and may prove to be 
more or less amenable to biodegradation. Other 
processes such as resin adsorption, carbon ad- 
sorption, and wet air oxidation are available for 
organics control and may prove adequate in com- 
bination. Preliminary laboratory investigations on 
retort condensates suggest that no single process 
(except possibly wet air oxidation) will be capable 
of controlling all the organics present. 

The use of a cooling tower as part of the treat- 
ment systems (as shown in option A of figure D-22) 
would have two advantages. First, experience 
with similar wastewaters has shown that some 
degradation of organics occurs in a properly 
operated cooling tower circuit.” Second, the vol- 
ume of blowdown water leaving the cooling tower 
is one-half to one-tenth that of the makeup water, 
depending on the number of concentration cycles 
used. Final organic polishing, if necessary, can 
therefore be done on a smaller, more concen- 
trated stream. Because the wastewater stream 
will previously have been subjected to high-tem- 
perature steam stripping, air pollution by volatili- 
zation of organics in the cooling tower is not ex- 
pected to be a problem. This assumes that any or- 
ganics created in the biological oxidation step will 
be either nonvolatile or nontoxic. 

Although salts are not a major contaminant in 
the gas condensate stream, desalination by re- 
verse osmosis could be used to remove inorganics 
and organics. In option B of figure D-22, a desali- 
nation step is included to provide a very clean dis- 
charge stream. An effluent stream could also be 
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Figure D-23.—Possible Treatment Options for Retort Condensates 
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taken from any intermediate stage of the treat- 
ment system to provide water for various reuse 
options. 


Retort Condensate 


The retort condensate stream presents the 
most formidable treatment challenge. As dis- 
cussed in chapter 8, this stream is created when 
water and oil vapors condense within in situ 
retorts, and some aboveground retorts if they are 
operated at a low top temperature. The conden- 
sate will be contaminated with oil, dissolved 
gases, inorganic salts, and organic substances, all 
of which will have to be removed. 

In the conventional treatment scheme of option 
A in figure D-23, oil and suspended solids are first 
separated from the water. Oil-water separation 
by API units may not be adequate because of 
emulsions, and some emulsion-breaking technique 
will probably be required. The techniques that 
would be appropriate for oil shale wastewaters 
have not yet been determined. 

The addition of lime will facilitate NH; removal 
and will also remove calcium, magnesium, and 
carbonate ions. NH; is easily removed by steam 
stripping, but unlike the gas condensate, the re- 
tort condensate contains strong acid anions that 
will ‘‘fix’’ the NH; as ammonium ions, which can- 
not be directly stripped. Lime addition will ele- 
vate the pH and convert ammonium to NH.” The 
pH elevation is also needed to prevent scaling and 
fouling of the steam stripping column by carbon- 
ate precipitates. 

Removal of organic substances from retort con- 
densates has not been adequately demonstrated. 
Activated carbon adsorption (option A in figure 
D-23) would remove only about half of the organ- 
ics and would be expensive, given the high organ- 
ic concentrations found in retort condensates.” * 
Biological treatment (option D) has been sug- 
gested for control of organics, but complete re- 
moval by biological processing may not be achiev- 
able. The two major problems with biological 
treatment are the presence of resistant (biore- 
fractory) and toxic materials. It is expected that 
as much as half of the organic matter in retort 
water will be biorefractory and that adequate re- 
moval may not be possible even with novel proc- 
ess modifications such as the addition of pow- 
dered activated carbon to the biological unit. Lab- 
oratory tests have shown that the addition of pow- 
dered activated carbon to the aeration basin in an 
air-activated sludge biological system improves 
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organics removal by only about 10 percent, indi- 
cating that much of the biorefractory organic 
matter is not adsorbed on carbon. Polymeric res- 
ins have been shown to facilitate removal of or- 
ganics from retort condensates,” but it is not 
known whether the ones removed are those that 
are resistant to biological and activated carbon 
treatment. 

The inhibition of biological action by toxic sub- 
stances is also expected to be a problem. The tox- 
ics may be either organic or inorganic, and can be 
expected to be different in the condensates from 
different retorts. Their characteristics and con- 
centrations may even change with time if retort- 
ing conditions are not constant—a normal situ- 
ation in MIS processes. Even with all of its poten- 
tial disadvantages, biological oxidation could 
prove more economical and more effective than 
other processes (such as wet air oxidation) when 
combined with appropriate pretreatment and pol- 
ishing steps. 

Wet air oxidation removes a much wider varie- 
ty of organics but it is also more expensive. In this 
process, organic material in water is oxidized by 
air at about 500° F (260° C). The water is pressur- 
ized to prevent boiling. The reaction takes about 
30 minutes and a pressure vessel is required that 
is large enough to contain the water for this 
length of time. The cost of wet oxidation is not 
strongly dependent on the concentration of the 
waste, and unlike biological treatment it can be 
cost effective for very concentrated wastes. Wet 
air oxidation also has several technical advan- 
tages. Because it relies on chemical oxidation, the 
organic material that is to be destroyed does not 
have to be biodegradable. In fact, biorefractory 
materials are often converted to biodegradable 
substances, and a biological process could be ef- 
fectively used as a polishing step. No data have 
been published on the performance of a wet air 
oxidation process with oil shale retort conden- 
sates, but an investigation has been initiated.” 

Reverse osmosis membranes (option C in figure 
D-23) are also available for organics control,” but 
recent tests have shown that considerable pre- 
treatment will be required to provide a feed that 
will not plug or foul the membranes.” In fact, a 
pretreatment system similar to the treatment 
train of option A in figure D-23 may be required 
for very dirty condensates. If this is done, then it 
is not clear that a final reverse osmosis step will 
be required to provide an effluent suitable for 
some of the low-quality reuse options. Neverthe- 
less, reverse osmosis is of interest because it also 
provides a means for control for some of the inor- 
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ganic contaminants for which lime softening is not 
adequate. Jon exchange demineralization after 
organics removal is an alternative to reverse 
osmosis, but its costs escalate rapidly with in- 
creasing salt concentrations in the feed. 

It is apparent that even if the retort condensate 
is to be treated to only the low-quality levels re- 
quired by some re-use options, an elaborate treat- 
ment system similar to that shown as option D in 
figure D-23 will be required. Even here additional 
treatment steps may be required. API separators 
may not be adequate, and an ultrafiltration step 
upstream of the steam stripper may be needed to 
remove emulsified oil and large organic mole- 
cules. As discussed above, biological oxidation 
and carbon adsorption will not adequately control 
the remaining organics, and resin adsorption or 
wet air oxidation steps may be required. An addi- 
tional processing step to remove inorganics may 
also be required for some re-use options. 

In view of the difficulty in treating the retort 
condensate (option B in figure D-23) in which the 
treated water is used to raise steam for retorting 
is the most attractive. Volatilized organics will be 
incinerated in the retort, and other substances 
can be removed in a concentrated sludge for dis- 
position at a hazardous-waste disposal site. A 
stripping pretreatment step may be needed to 
avoid accumulating NH; and CO, in the thermal 
sludge device. No information has been published 
on the feasibility of a thermal-sludge steam rais- 
ing process fed with retort condensates. Scaling 
and fouling may be problems unless appropriate 
pretreatment steps are used. 


Other Wastewater Streams 


The two other major streams are the coker and 
hydrotreater condensates from the shale oil up- 
grading section. Compositions of these streams 
are not known, but they should be somewhat simi- 
lar to the gas condensate. The exception is the 
concentration of dissolved gas because, in the 
absence of CO,, the NH; will probably react with 
H.S to form ammonium hydrogen sulfide. Differ- 
ent steam stripping conditions will be required in 
that more stages or more steam will be needed to 
remove H.S. Modifications should not be extreme 
because, unlike in the retort condensate, there 
should be no NH;-fixing inorganic anions present. 
The treatment systems can be expected to be simi- 
lar to any of the options shown in figure D-22. 


Blowdown streams, regenerant streams, con- 
centrates, and sludge products from water treat- 
ment processes must also be handled. If a thermal 
sludge process is included in any water treatment 
train, it could be used to reduce the reverse 
osmosis concentrates and ion exchange regener- 
ant streams to a disposable sludge. If not, vapor 
compression evaporators may be used. These 
have been successfully demonstrated on a com- 
mercial-scale at, for example, electric power gen- 
erating stations. Because cooling towers will 
probably be operated with few cycles of concen- 
tration, blowdown streams should not have high 
salt concentrations, and should be suitable for 
dust control and shale disposal operations. 


Water Management Plans for Oil Shale Facilities 


Complete water management plans must con- 
sider supply, treatment, waste recovery and re- 
moval, and ultimate disposition. Figures D-24 
through D-26 are flow sheets that show how wa- 
ter would be used, treated, and disposed of in 
three typical oil shale facilities. The flows into, 
within, and out of the plants are indicated in gal- 
lons per minute. 

Figure D-24 is a water management plan for an 
aboveground direct facility that uses Paraho re- 
torts. The major sources of water are the Colora- 
do River, contaminated runoff from the facility 
site and its associated disposal area, and gas con- 
densates from the retorting section. No upgrading 
facilities are included, so there are no upgrading 
condensates. The total water inflow is 2,357 gal/ 


min, of which about 40 percent is lost to the at- 
mosphere through evaporation within the facility. 
The rest is eventually used for dust control and in 
the solid waste disposal area for spent shale 
moistening, compaction, and revegetation. The 
principal components of this water are treated 
river water, sanitary wastes, blowdowns, runoff, 
service water, and condensates. 

Figure D-25 is a plan for an aboveground in- 
direct plant that uses TOSCO II retorts. Because 
the retorts are indirectly heated, and because up- 
grading facilities are included, water require- 
ments are substantially higher than for the Par- 
aho plant. The total inflow is 7,386 gal/min from 
the Colorado River, from surface runoff, and from 
gas condensates and upgrading condensates. 
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Figure D-24.— Major Streams in a 50-000-bbi/d Aboveground Direct (Paraho) Oil Shale Plant (gal/min) 
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About 40 percent of the water is lost through 
evaporation. The rest is eventually used for dust 
control, or finds its way to the spent shale pile. 
Figure D-26 is a plan for an MIS facility that is 
located in a ground water area. Excess mine 
drainage water is produced, and over 70 percent 
of it is reinjected. The rest is used in the plant, 
together with retort condensates, gas conden- 
sates, and surface runoff. The plant uses a ther- 
mal sludge system to process the retort conden- 
sate and to generate steam for injection into the in 
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SOURCE: R. F. Probstein, H. Gold, and R. E. Hicks, Water Requirements, Pollution 


Effects and Costs of Water Supply and Treatment for the Oil Shale Indus- 
try, prepared for OTA by Water Purification Associates, October 1979. 


situ retorts. The system produces no liquid efflu- 
ent. The total net inflow is about 5,059 gal/min, of 
which 34 percent is lost through evaporation and 
34 percent is converted to steam for the retorts. 
The rest is used to control dust and for disposal of 
the mined raw shale. 

In summary, the aboveground direct plant will 
dispose of about 604 gal/min of treated waste- 
water and treated condensates in the spent shale 
disposal pile. An additional 221 gal/min of treated 
wastewater will be used for dust control. The 
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Figure D-25.— Major Streams in a 50,000-bbl/d Aboveground Indirect (TOSCO II) Oil Shale Plant (gal/min) 
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Figure D-26.— Major Streams in a 50,000-bbl/d MIS Oil Shale Plant (gal/min) 
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aboveground indirect plant will add about 1,827 
gal/min of treated wastewater and concentrates 
to the disposal pile. The MIS plant will use about 
686 gal/min of treated wastewater for raw shale 
disposal and 210 gal/min for dust control. An 
additional 5,554 gal/min of treated mine drainage 


water will be reinjected into the source aquifer. 
Thus, the methods for wastewater management 
and disposal are recycling after treatment, fol- 
lowed by disposal through evaporation, in dust 
control, and in solid waste disposal areas. Excess 
treated mine drainage water will be reinjected. 
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APPENDIX E 


Acronyms, Abbreviations, and Glossary 


acre-ft 
acre-ft/yr 


CS, 
CWACOG 


DNR 


DOD 
DOE 
DOI 
DRI 
EIS 
EPA 
ERDA 


FAPRS 


Acronyms and Abbreviations 


—acre-feet 

—acre-feet per year 

—aboveground retorting 

— American Petroleum Institute 

—Air Quality Control Regions 

—Atlantic Richfield Co. 

—pbest available control technology 

—benzo(a)pyrene 

—best available technology 

—barrel(s) 

—barrels per day 

—Bureau of Land Management, 
Department of the Interior 

—biochemical oxygen demand 

—best practicable control 
technology currently available 

—British thermal unit 

—centimeter 

—centimeters per hour 

—carbon monoxide 

—carbon dioxide 

—carbonyl sulfide 

—Congressional Research Service 

—Colorado River Storage Project 
Act of 1956 

—Colorado River System Simulation 
Model 

—carbon disulfide 

—Colorado West Area Council of 
Governments 

—Coastal Zone Management Act 

—detailed development plan 

— Development Engineering, Inc. 

—Department of Local Affairs 
(Colorado) 

—Department of Natural Resources 
(Colorado) 

—Department of Defense 

—Department of Energy 

—Department of the Interior 

—Denver Research Institute 

—environmental impact statement 

—Environmental Protection Agency 

—Energy Research and Development 
Administration 

—Federal Assistance Program 
Retrieval Systems 


FLPMA 


FmHA 
FMSHA 


FRG 
ft 

ft? 

1a 
FUND 


FWPCA 
gal 


gal/min 
gal/ton 


—Federal Land Policy and 
Management Act of 1976 

—Farmers Home Administration 

—Federal Mine Safety and Health 
Amendments of 1977 

—Federal Regional Council 

—feet 

—square feet 

—cubic feet 

—Foundation for Urban and 
Neighborhood Development 

—Federal Water Pollution Control 
Act of 1972 

—gallon 

—gallons per minute 

—gallons per ton 


GOREDCO —Gulf Oil Real Estate Development 


HG 
HEW 


HS 
IFS 
JBC 


mg/l] 
mg/m? 

mi? 

MIS 

mm 
mmho/cm 


MSHA 


Co. 

—hydrocarbons 

— Department of Health, Education, 
and Welfare 

—hydrogen sulfide 

—Institute Francais du Petrol 

—Joint Budget Committee of the 
General Assembly (Colorado) 

—milligrams per liter 

—micrograms per cubic meter 

—square miles 

—modified in situ 

—millimeters 

—milliohms per centimeter 
(conductivity) 

—Mine Safety and Health 
Administration 

— megawatt 

—microgram 

—micrograms per cubic meter 

—National Ambient Air Quality 
Standards 

—National Academy of Sciences 

—National Environmental Policy Act 
of 1969 

—ammonia 

—National Institute for 
Occupational Safety and Health 

—nitrogen oxides 

—Naval Oil Shale Reserve 


513 


514 © An Assessment of Oil Shale Technologies 


ea re a 


NPC —National Petroleum Council 
—National Pollutant Discharge 
Elimination System 


NSPS —New Source Performance 
Standards 

NTU —Nevada, Texas, and Utah 

O; —ozone 

OCS — Outer Continental Shelf 

OMB — Office of Management and Budget 

OSEAP — Oil Shale Environmental Advisory 
Panel 

OSHA — Occupational Safety and Health 
Administration 

Oxy — Occidental Petroleum 

PADD 2 —The Petroleum Administration for 
Defense District 2 

PAHs —polycyclic aromatic hydrocarbons 

Pb —lead 

p/m —parts per million 

POM —polycyclic organic matter 

PSD —prevention of significant 
deterioration 

QDA — Quality Development Associates 

Quad —1 quadrillion = 10° Btu 

RARE II —Roadless Area Review and 
Evaluation (Forest Service) 

RCRA — Resource Conservation and 
Recovery Act of 1970 

R&D —research and development 


RISE 
scf 
SCOT 


SEIO 


SIP 
SMCRA 


SMR 
SO, 
SOHIO 
SRI 
TDS 
TIS 
ton/d 
Tosco 
TSCA 


UBCOG 


USBM 
USBR 
USFWS 
USGS 
USPHS 
WPA 
WPRS 


Glossary 


Adit: A nearly horizontal opening to a mine. 

Aquifer: An underground formation containing 
water. 

Aromatic hydrocarbon: A compound of carbon 
and hydrogen characterized by a ring of six 
carbon atoms, e.g., benzene. 

Best available control technology (BACT): The 
most advanced control technology that can be 
used for new sources of pollution. Required for 
nonattainment regions (where air pollution pre- 
sents a danger to the public health) by the 
Clean Air Act as amended in 1977. 

Biochemical oxygen demand: A chemical measure 
of the power of an effluent to deoxygenate 
water. 

Bitumen: The smaller (about 10 percent) soluble, 
organic component of oil shale. 

Breakeven price: The constant price at which 
shale oil syncrude would just earn its minimum 
rate of return. 


—rubble in situ extraction 

—standard cubic foot 

—Shell Claus Offgas Treating 
process 

—Governor’s Socio-Economic Impact 
Office (Colorado) 

—State implementation plan 

— Surface Mining Control and 
Reclamation Act of 1977 

—standardized mortality ratio 

—sulfur dioxide 

—Standard Oil Co. of Ohio 

—Stanford Research Institute 

—total dissolved solids 

—true in situ 

—tons per day 

—The Oil Shale Corp. 

—Toxic Substances Control Act of 
1976 

—Uintah Basin Council of 
Governments 

—U.S. Bureau of Mines 

—U.S. Bureau of Reclamation 

—U.S. Fish and Wildlife Service 

—U.S. Geological Survey 

—U.S. Public Health Service 

— Water Purification Associates 

— Water and Power Resources 
Service 


Calcite: The mineral calcium carbonate, found in 
nature in the form of limestone, marble, or 


chalk. 


Catalytic cracking: A process of breaking down 
petroleum hydrocarbons by heating them in the 
presence of a catalyst. The products are hydro- 
carbons of lower molecular weight, having 
lower boiling points, e.g., gasoline. 

Coking: One of the processes used to upgrade 
shale oil and improve its transportation proper- 
ties. The oil is thermally decomposed at high 
temperatures (900° to 980° F or 480° to 525° C) 
forming coke as a solid product. 

Criteria pollutants: Under the Clean Air Act, the 
reduction and prevention of air pollution is reg- 
ulated by measuring five criteria pollutants: 
particulates, sulfur oxides, carbon monoxide, 
nitrogen dioxide, and photochemical oxidants. 
National Ambient Air Quality Standards were 
developed for six pollutants associated with the 
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criteria pollutants. Sulfur oxides are measured 
by sulfur dioxide and photochemical oxidants 
are measured by ozone and hydrocarbons. 

Crude short: The condition when a company has 
limited or inadequate access to crude petro- 
leum. 

Dawsonite: The mineral, dihydroxy sodium alumi- 
num carbonate. It is a potential source of alu- 
mina, which can be converted to aluminum. 

Deposit: A natural accumulation, e.g., of coal, 
iron ore, or oil shale. 

Deposit dewatering: The removal of ground water 
from an oil shale deposit. 

Distillates: The liquid products condensed from 
vapor during distillation (as of petroleum). 

Light distillates contain the lowest boiling 
constituents of the petroleum, from which gas- 
oline is produced. 

Middle distillates contain higher concentra- 
tions of the high boiling constituents, from 
which diesel and jet fuels are produced. 

Heavy distillates contain higher concentra- 
tions of the high boiling constituents, from 
which lubricating and residual oils are pro- 
duced. 

Distillation: A separation process in which a sub- 
stance is vaporized, and the vapor collected 
after condensation as a liquid. 

Diversion: A channel constructed to divert water 
from one source or body of water to another. 

Interbasin diversion—Moving water from 
one major hydrologic basin to another. 

Intrabasin diversion—The redistribution of 
water within a major hydrologic basin. 

Dolomite rock: Similar to limestone but composed 
mainly of the mineral, calcium magnesium car- 
bonate (Ca Mg (COs),). 

Electrostatic precipitator: A device that uses an 
induced electrical charge to recover fine parti- 
cles from a flowing gas stream. 

Environmental impact statement (EIS): The Na- 
tional Policy Act of 1969 requires that an en- 
vironmental impact statement be prepared for 
‘major Federal actions significantly affecting 
the quality of the human environment.” 

Fischer assay: Small samples of crushed oil shale 
are heated to 932° F (500° C) under carefully 
controlled conditions. The oil yield by this 
method is the standard measure of oil shale 
quality. 

Fracturing: Breaking up a deposit by means of 
chemical explosives, electricity, or injecting 
high-pressure air and water to increase its per- 
meability to fluid flow. 


Fugitive dust: Particulate matter discharged to 
the atmosphere in an unconfined flow stream. 
Gas oil: A liquid petroleum distillate with a viscos- 
ity and boiling range between kerosene and lu- 

bricating oil (450° to 500° F or 230° to 260° C). 

Ground water aquifer: Water contained under- 
ground in the interstices of soil and rock, ob- 
tainable through wells or springs. 

Halite: The natural mineral form of sodium 
chloride (NaCl). 

High-Btu gas: Gas with a high heating value, e.g., 
pure butane has a heating value of 3,200 
Btu/ft’. 

Hydrocarbons: Organic compounds containing 
only carbon and hydrogen. 

Hydrocracking: The breaking apart of relatively 
heavy petroleum hydrocarbons into smaller, 
lighter molecules by means of heat in the 
presence of hydrogen and using special 
catalysts. 

Hydrologic basin: The entire area of land drained 
by a river and its tributaries. 

Hydrotreating: The hydrogenation of crude shald 
oil to convert it to synthetic crude oil (syn- 
crude). 

Kerogen: The organic oil-yielding material pres- 
ent in oil shales. It is not a definite compound 
but a complex mixture varying from one shale 
to another, and is only slightly soluble in or- 
dinary organic solvents. 

Low-Btu gas: Gas with a relatively low heating 
value (about 100 Btu/ft’), e.g., producer gas. 

Locatable minerals: Minerals on public land that 
can be transferred to private ownership by the 
process of staking claims and filing for patents. 

Marlstone: A hardened mixture of dolomite and 
calcium carbonate. 

Middle distillate cracking and reforming: Break- 
ing down and converting straight chain petro- 
leum hydrocarbons into cyclic and aromatic hy- 
drocarbons, by means of heat, pressure, and 
catalysts (usually in the presence of hydrogen). 
Used to produce fuels with high octane rating 
from lower grade products. 

Mining: 

Block caving—Sections of the area being 
mined are undercut and then allowed to cave 
in, thus crushing the material being mined. 

Continuous—A machine cuts and loads ore 
from a mine face in a continuous operation, 
without the use of drills and explosives. 

Long-wall—The ore seam is removed in one © 
operation along a working face that may be sev- 
eral hundred yards long. The mine roof col- 
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lapses as the working face advances through 
the ore body. The technique is commonly used 
for coal mining, especially in Great Britain. 

Open pit—The overburden is drilled and 
blasted loose over a large area and removed to 
expose the oil shale beds. These are then 
drilled and blasted. 

Room-and-pillar—Some shale is removed to 
form large rooms, and some is left in place, as 
pillars, to support the mine roof. 

Solution—The injection of fluids into the for- 
mation to dissolve soluble salts from among the 
oil shale layers, thereby creating a honeycomb 
pattern of voids. 

Strip—The overburden and deposit are re- 
moved with a dragline—a massive type of 
scraper shovel. 

Subsidence—The mine roof is allowed to col- 
lapse into the working area after the ore is 
removed. 

Mining bench: A shelf or ledge made in a mine 
tunnel or working when an upper section is cut 
back. 

Modular retort: The smallest unit that would be 
used in commercial practice. Its capacity 
varies with the developer. 

Molecular weights: The relative mass of a mole- 
cule as compared with that of an atom of 
hydrogen. It is calculated by adding up the 
weights of the molecule’s constituent atoms. 

Mucking: Removal material broken up in the min- 
ing process. 

Nahcolite: A mineral chemically identical to com- 
mercial baking soda (sodium bicarbonate). 

New Source Performance Standards (NSPS): The 
Clean Air Act requires that the Environmental 
Protection Agency set standards of perform- 
ance for major new potential sources of pollu- 
tion, and that such facilities use the most ad- 
vanced technology available for pollution con- 
trol. 

Nonattainment area: The air in the region does 
not satisfy the National Ambient Air Quality 
Standards as established under the require- 
ments of the Clean Air Act. 

Nondegradation area: The air in the region is 
cleaner than that required by the National Am- 
bient Air Quality Standards. 

Nonmethane hydrocarbons: All the organic com- 
pounds of carbon and hydrogen that are not 
straight chain, saturated (no more hydrogen 
can be added) molecules in which the carbon 
atoms are joined to each other by single bonds. 

Nonpoint source: A site from which there is un- 


collected runoff, e.g., a mining operation, con- 
struction site, or agricultural area. 

Olefin hydrocarbons: Unsaturated (lower ratio of 
hydrogen to carbon) compounds of carbon and 
hydrogen having at least one double bond. 

Onstream factor: The fraction of the time that a 
plant could be expected to operate at design ca- 
pacity. 

Organic compounds: The compounds of carbon. 
These fall roughly into two classes: compounds 
containing only carbon and hydrogen (hydro- 
carbons), and compounds in which one or more 
hydrogen atoms have been replaced by other 
elements or groups of elements (heteroatomic 
compounds). 

Overburden: The material overlying a deposit 
that must be removed before surface mining. 
Paraffin hydrocarbons: Saturated compounds of 

carbon and hydrogen having only single bonds. 

Particulates: Minute separate airborne particles, 
one of the criteria pollutants under the Clean 
Air Act. 

Perfection of water right decree: Meeting all the 
requirements under applicable law to establish 
legal rights to the water—implies not only 
ownership but also actual use. 

pH: A means of expressing the acidity or alkalini- 
ty of a solution. At normal temperatures, pure 
water has a pH of about 7 (neutral); the pH of a 
strong acid is about 1 and that of a strong base 
about 14. 

Photochemical reactions: Chemical reactions in- 
duced in the atmosphere by ultraviolet radia- 
tion from the Sun. 

Phreatophyte: A deep-rooted plant that obtains 
water from the water table or the layer of soil 
just above it. 

Placer deposit: A deposit of alluvial material 
found along and in riverbanks, streambanks, 
and in beach sands. 

Polycyclic organic compounds: A compound 
whose molecular structure contains two or 
more rings (usually fused) that are mostly con- 
structed of carbon atoms (e.g., anthracene). 

Pour point: The lowest temperature at which a 
liquid will flow. 

Prevention of significant deterioration (PSD): A 
statutory program of the Clean Air Act aimed 
at preserving the existing high air quality in 
those areas having the cleanest air (nondegra- 
dation regions). 

Pyrolysis: The breaking down of complex mate- 
rials into simpler units by means of heat. 

Radionuclide: A radioactive atom. 


RARE II: The Roadless Area Review and Evalua- 


tion process being undertaken by the Forest 
Service for all potential wilderness areas in the 
national forest system. 

Refluxing: Distillation in which the liquid is con- 
densed with the rising vapor in a fractionating 
column. 

Reserve: A resource that can be extracted from 
the deposit and processed to yield products 
that can be marketed at a profit. 

Resource: A naturally occurring substance with 
properties that can be put to use. 

Retort: The vessel or container in which the oil 
shale is pyrolyzed to recover the shale oil. 

Retort plant: 

Commercial scale—A commercial-size oil 
shale facility would use several modular re- 


torts in parallel to obtain the desired produc-. 


tion rate. 

Pilot-plant scale—About one-hundredth of 
the capacity of a commercial scale module. 

Pioneer commercial scale—Would contain 
several commercial-size modules. 

Semiworks scale—About one-tenth of the ca- 
pacity of commercial-size. 

Retorting: The raw oil shale is heated to pyrolysis 
temperatures (about 1,000° F (540° C)) to obtain 
crude shale oil. 

Aboveground (AGR)—In this process, the re- 
torting vessels are essentially large, steel cylin- 
drical or cone-shaped containers lined with re- 
fractory brick. The retorting systems, which 
differ widely with respect to technical and op- 
erating characterictics, fall into four classes 
based on the mode of transferring heat through 
the oil shale: 1) by conduction through the re- 
tort wall, 2) by flowing gases generated from 
the carbonaceous material and hot gases cre- 
ated in the retort, 3) by gases heated outside 
the retort, and 4) by mixing hot solid particles 
with the oil shale. 

Modified in situ (MIS)—In this process, a por- 
tion of the shale deposit is mined out, and the 
rest is fractured with explosives or by other 
means to create a highly permeable zone 
through which hot fluids can be circulated. 

True in situ (TIS)—In this process, the shale 
is left underground and is heated by injecting 
hot fluids. 

Rubbling: Shattering by explosives of a portion of 
an oil shale deposit so that it can be retorted 
underground. A modified in situ process. 

Sedimentary rocks: These are derived from the 
disintegration and weathering of older rocks, 
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and deposited in layers by water, wind, or ice 
(e.g., sandstone, limestone, shale.) 

Shale oil syncrude: A synthetic crude oil pro- 
duced by adding hydrogen to crude shale oil, 
comparable with the best grades of conven- 
tional crude. 

Spent shale: The retorted residual material after 
the oil and gas products are removed. Its prop- 
erties vary with the type of retorting procedure 
used; indirectly heated retorts product a car- 
bonaceous spent shale, while directly heated 
retorts produce a material essentially stripped 
of carbon. 

Spot market price: The nonposted price for a bar- 
rel of oil. 

Syncrude: Synthetic crude oil, produced from any 
source other than conventional petroleum. 

Trona: A hydrated mixture of sodium carbonate 
and sodium bicarbonate. It is a source of soda 
ash for glass production. 

Upgrading: The treatment of crude shale oil to im- 
prove it to a transportable refinery feedstock, 
e.g., hydrotreating. 

Virgin flow: The flow of a river that would occur 
in the absence of human-related activities. In 
this assessment most of the analysis of water 
availability refers to the average flow between 
1930-74, because of its common use in other 
water resources analyses. 

Viscosity: A measure of a liquid’s resistance to 
flow. 

Water rights: 

Absolute—The right created when a holder 
of a conditional right perfects that right by ac- 
tually diverting the water and applying it to a 
beneficial use. 

Conditional—The right obtained by filing for 
a conditional decree from the State water 
courts, and then proceeding diligently towards 
the actual use of the water. 

Diversion—Permits the diversion of water 
from a stream followed by its immediate appli- 
cation. 

Junior—The prior appropriation doctrine for 
water rights is based on the principle ‘‘first-in- 
time, first-in-right.’’ In times of shortages, 
rights that are junior in terms of the initiation 
date are curtailed to assure water supplies to 
users with more senior rights. 

Senior—The more senior (older) the water 
right, the higher its priority for the use of lim- 
ited resources. 

Storage—Permits the impoundment of water 
for later application. 
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Office of Technology Assessment 


The Office of Technology Assessment (OTA) was created in 
1972 as an advisory arm of Congress. OTA’s basic function is to help 
legislative policymakers anticipate and plan for the consequences of 
technological changes and to examine the many ways, expected and 
unexpected, in which technology affects people’s lives. The assess- 
ment of technology calls for exploration of the physical, biological, 
economic, social, and political impacts which can result from applica- 
tions of scientific knowledge. OTA provides Congress with independ- 
ent and timely information about the potential effects—both benefi- 
cial and harmful—of technological applications. 


Requests for studies are made by chairmen of standing com- 
mittees of the House of Representatives or Senate; by the Technology 
Assessment Board, the governing body of OTA; or by the Director of 
OTA in consultation with the Board. 


The Technology Assessment Board is composed of six mem- 
bers of the House, six members of the Senate, and the OTA Director, 
who is a nonvoting member. 


OTA currently has underway studies in nine general areas— 
energy; materials; international security and commerce; food and re- 
newable resources; genetics and population; health; space, telecom- 
munication, and information systems; oceans; and transportation. 
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